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Foreword 

At  the  outset  of  the  Yellowstone  River  Basin  and  Adjacent  Coal  Areas  study, 
the  individuals  and  agencies  actively  participating  in  the  study  were  requested 
to  prepare  an  issue  paper  setting  forth  their  constituency's  views  on  (a)  what 
needed  to  be  done  to  provide  for  the  best  use  of  the  area's  water  and  related 
land  resources,  and  (b)  what  specific  programs  or  projects  should  or  should  not 
be  implemented. 

This  volume  contains  the  issue  papers  that  were  prepared  for  the  Wind- 
Bighorn-Clarks  Fork  planning  area  in  northwest  Wyoming.  The  papers  are  arranged 
by  type  of  participant  --  local,  State  and  Federal  .  Individual  papers  within  each 
subgroup  are  arranged  alphabetically  by  participating  entity. 

Study  Team  members  of  course  contributed  much  additional  material  when  specific 
items  were  analyzed  as  the  study  progressed.  This  material  is  embodied  in  the  report, 
and  the  original  documents  are  contained  in  the  unprinted  supporting  data  in 
the  Missouri  River  Basin  Commission  files. 

Ad  Hoc  groups  prepared  background  material  for  each  of  the  major  functions 
involved  in  the  study.  The  Ad  Hoc  reports  are  bound  as  appendixes  to  the  general 
report  on  the  entire  Yellowstone  River  Basin  and  Adjacent  Coal  Areas. 
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CLARKS  FORK  STUDY 

Submitted  by  Allie  Ritterbrown,  representing  the  environmental  groups. 

1.  Number  of  guest  ranchers,  types  of  activities,  guest  capacity. 

In  Sunlight  Basin  there  are  now  only  three  (3)  guest  ranches.  One  is 
more  of  a  children's  camp.  The  other  two  are  regular  dude  ranches.  Each 
one  has  a  relatively  small  capacity  of  about  thirty  guests.  Two  of  the 
ranches  also  take  out  hunters.  On  the  upper  CI  arks  Fork  there  are  also 
three  outfits  taking  guests.  One  has  accommodations  for  trailers,  also. 
There  is  a  total  capability  for  handling  about  one  hundred  and  fifty  guests 
among  all  the  dude  outfits.  Packtrips  and  hunting  parties  in  the  fall  also 
bring  in  some  income  to  these  ranchers.  There  is  an  interest  in  this  area 
being  shown  by  both  high  schools  and  colleges  for  science  and  environmental 
experiences  in  the  field.  The  schools  make  arrangements  to  send  the  groups, 
numbering  around  thirty  students,  with  several  teachers.  The  rancher  provides 
interesting  speakers  from  the  Wyoming  State  Game  and  Fish  Department,  from 
the  U.  S.  Forest  Service  and  other  resource  people  in  the  community.  Should 
the  Buffalo  Bill  Museum  and  Whitney  Gallery  of  Western  Art  stay  open  the  year 
around,  this  will  also  provide  historical  background  for  the  student  groups. 
Of  course,  the  excellent  streams  provide  fishing  for  the  sportsmen  in- 
terested in  that  activity.  The  trails  in  the  National  Forest  in  this  vicinity 
have  not  had  much  upkeep  in  recent  years,  but  with  volunteers  the  Forest  . 
Service  has  been  able  to  work  on  some  of  the  trails.  The  ranchers  themselves 
of  course  help  a  great  deal  in  keeping  up  the  trails  they  use  most  for  their 
dude  parties.  Riding  is  probably  the  most  important  activity  on  the  dude  ranch. 


This  is  probably  one  of  the  last  unspoiled  areas  where  this  type  of 
business  can  continue  to  operate.  Should  the  area  be  developed  for  energy 
or  even  opened  up  with  big  highways,  it  would  lose  most  of  its  value  as  a 
unique,  unspoiled  area  where  people  can  see  the  West  as  it  once  was. 

2.  A  discussion  of  the  pros  and  cons  of  the  off  road  vehicle  use. 

In  discussing  this  topic  with  as  many  people  in  the  Basin  as  it  was 
possible  to  reach,  and  with  each  agency  involved,  and  with  many,  many 
other  people  who  know  the  area  but  are  not  landowners  or  involved  with  state 
or  federal  agencies,  the  pros  for  "off  the  road  vehicle  use"were  non-existent, 
Not  one  single  soul  felt  people  should  be  allowed  to  take  off  in  their  Jeeps 
or  other  four-wheel  drives  and  tear  up  the  country  making  ruts  and  causing 
erosion.  The  only  use  that  anyone  suggested  was  for  snow  mobiles  which  they 
felt  did  not  hurt  anything. 

3.  The  need  for  environmental  protection  measures. 

AIR No  one  seemed  to  see  any  real  threat  to  the  air  in  this  area. 

Even  if  dams  were  built  for  electrical  power  or  other  energy  use,  no  threat 
could  be  seen  by  the  people  in  this  area  to  their  fine,  clear  air. 

WATER This  is  a  very   different  picture.  With  the  development  of  sub- 
divisions a  great  threat  to  our  streams  exists.  Sunlight  Creek  is  a  prime 
example.  The  Bereman  subdivision  poses  such  a  threat.  There  is  a  great  deal 
of  feeling  in  the  area  that  stringent  controls  should  be  imposed  and  zoning 
be  made  to  stick. 

HEALTH  PROTECTION  (Garbage  Disposal) ... .It  is  felt  that  the  U.  S.  Forest 
Service  does  the  best  it  can  with  the  amount  of  help  it  has.  During  the  sum- 
mer months  they  are  very   faithful  about  picking  up  and  disposing  of  the  gar- 
bage at  campgrounds.  A  greater  educational  campaign  should  be  launched  to 
make  the  camping  public  feel  more  responsibility  for  cleaning  up  when  they 
leave  and  for  taking  their  garbage  with  "them  and  disposing  of  it  themselves. 


A 


Almost  everyone  with  whom  I  spoke  had  a  good  word  for  the  U.  S.  Forest  Ser- 
vice in  this  area. 

FACILITIES  FOR  CAMPING Most  people  and  agencies  seemed  to  feel  that  at 

present  we  are  handling  the  campers  in  this  area  adequately,  but  some  expressed 
concern  about  the  time  when  Yellowstone  Park  phased  out  its  camps.  Should  this 
occur,  then  there  would  indeed  be  a  greater  need  for  more  and  larger  campgrounds 
near  the  Park  entrances  on  the  upper  CI  arks  Fork,  on  the  Beartooth  and  probably 
even  at  Sunlight  Creek  and  Dead  Indian.  Mostly  it  was  felt  the  need  would  be 
greatest  on  the  Beartooth. 

Dr.  Dewey  Dominick  suggested  that  we  study  the  Canadian  policy  on  camping 
as  it  seems  to  work  well  and  controls  any  of  the  headaches  we  are  experiencing. 
4.  Impact  on  the  environment  of  increased: 

Logging. . .Increased  logging  in  the  area  was  considered  to  be  fine  with  most 
of  the  residents  and  agencies  involved.  It  was  noted  that  the  new  contracts 
insist  that  the  brush  and  limbs  be  burned  and  the  selective  system  is  in  practise, 
at  this  time.  One  sawmill  operator  expressed  the  opinion  that  no  "clear  cutting" 
should  be  allowed  at  all.  One  U.  S.  Forest  expert  suggested  that  in  certain  areas 
it  was  not  only  possible  but  beneficial  to  allow  clear  cutting  especially  in 
the  lodgepole  pine  forests.  He  said  it  was  best  for  the  forest  in  some  instances 
and  certainly  good  for  big  game  habitat.  None  of  the  residents  agreed. 

Increased  recreational  development. . .Again  it  was  suggested  that  we  study  the 
Canadian  policy.  It  was  also  suggested  that  we  should  really  try  to  enforce  the 
off  road  vehicle  travel,  especially  when  big  travel  vehicles  drag  along  a  four- 
wheel  drive  or  motor  bikes  and  trail  bikes  and  park  their  living  accommodations 
and  then  take  off  up  the  side  of  a  mountain  <tn  their  off-road  vehicles. 

It  was  suggested  that  the  Park  Service  re-examine  its  policy  for  phasing 
out  camping  in  the  areas  now  designated  for  public  use. 


Several  people  spoke  of  the  real  need  for  U.  S.  Forest  personnel  to  re- 
main on  duty  during  the  hunting  season.  Until  recent  years  we  did  have  a 
resident  ranger  in  Sunlight  which  was  of  real  benefit  to  the  community.  Now 
the  ranger  is  forced  to  leave  when  school  opens.  His  office  being  in  Powell 
rather  than  in  Cody  makes  it  even  harder  to  communicate  or  get  the  kind  of  help 
which  we  once  expected  from  the  U.  S.  Forest  Service.  The  campgrounds  in  the 
area  are  very  heavily  used  during  the  hunting  season.  The  Wyoming  Game  and 
Fish  warden  has  such  a  huge  area  that  he  is  about  worked  to  death.  Also,  he 
has  nothing  to  do  with  campgrounds  which  are  all  U.  S.  Forest  maintained  dur- 
ing the  summer  and  simply  left  during  the  fall  period  of  heavy  use.  It  is  felt 
that  some  provision  should  be  made  for  extending  the  caretaking  season.  Money 
seems  to  be  the  reason  given  for  not  maintaining  the  campgrounds  through  hunt- 
ing season.  The  staff  now  is  larger  than  it  used  to  be  and  the  area  has  re- 
mained the  same  size.  Perhaps  a  re-evaluation  of  the  needs  in  this  area  should 
be  made  with  the  idea  of  considering  a  resident  ranger  in  Sunlight  Basin.  All 
of  the  facilities  are  there  to  be  used  and  it  is  felt  that  there  would  be  a 
more  sympathetic  understanding  of  the  needs  of  the  people  who  use  the  area,  if 
a  ranger  were  in  residence  on  a  year-around  basis. 

On  the  whole,  I  would  like  to  summarize  by  saying  that  most  of  the  people 
with  whom  I  talked  feel  a  good  deal  the  same  way  about  most  issues.  Almost 
everyone  hopes  for  the  same  kind  of  future,  as  they  have  had  in  the  recent  past. 
Nearly  everyone  understands  the  needs  for  energy  and  the  possible  impact  on  our 
area.  Everyone  who  lives  there,  in  spite  of  all  the  hazards  and  inconveniences, 
feels  it  is  worth  it,  and  they  would  prefer  that  the  planning  objective  be  "to 
maintain  the  area  as  nearly  like  it  is  as  is  humanly  possible"  so  that  present 
and  future  generations  can  have  the  opportunity  to  enjoy  at  least  this  one  small 
'  area  the  way  Mother  Nature  developed  it. 
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MISSOURI  RIVER  BASIN  COMMISSION: UPPER  GREYBULL, STUDY 

Issue  paper  from  The  Meeteetse  Preservation 
Organization; 

The  town  of  Meeteetse  sits  in  the  foot-hills  of  the  Absaroka  range 
of  the  Rocky  Mountains.  It  is  near  The  Greybull  river.  Some  people 
say"near  by  the  river" is  the  Indian  name  for  Meeteetse.   Others 
say  it  means  meeting  place  or  designates  how  far  away  the  meeting 
place  is  by  the  way  the  word  is  said.  We  arn't  sure  of  the 
origin  of  the  town  or  the  Indian  meaning  of  the  word  Meeteetse 
but  we  do  know  we  vrlll  not  find  another  town  by  this  name.   The 
town  has  460  residents  and  is  5,800  feet  above  sea  level.   The 
precipitation  is  about  eleven  inches  in  a  year.   The  principle 
industries  here  are  ranching  and  oil. 

The  dry  Meeteetse  country  is  fed  by  the  Greybull  river. 
By  the  time  the  Greybull  passes  Meeteetse  it  has  gathered  Wood- 
River,  Sunshine  Creek,  Rax^hide  Creek,  Frank's  Fork,  Rose  Creek, 
and  Rock  Creek  to  name  the  streams  out  of  which  there  are  water 
appropriations.   The  Greybull  river  in  the  vicinity  of  Meeteetse 
has  117.60  acre  feet  of  water  appropriated  in  territorial  water 
rights  alone.   The  stream  called  Meeteetse  Creek  is  over-approp- 
riated in  territorial  rights  alone.   Mr.  Mailen,  a  past  water 
commissioned,  says  these  streams  arround  Meeteetse  are  over-approp- 
riated four-fifths  of  the  year.   Our  river-rider,  Mr.  Schwager, 
agrees  with  this. 

The  quantity  of  water  varies  in  this  mountain  country  from 
year  to  year.   The  time  of  high  water  also  varies  due  to  the 
time  of  snow  fall  and  the  spring  temperatures .A  case  in  point 


is  the  fact  that  reserve  water  from  the  Sunshine  reervoir  was 
turned  into  the  Greybull  on  the  29th  of  July  in  1975.  This  year  it 
was  asked  for  on  the  26th  of  April. (1976)   The  fact  is  the  water 
filling  the  reBrvoirs  in  1976  was  Id ft  in  the  river  for  the  down- 
stream users  rather  than  turning  loose  the  impounded  water.  The 
water  hoard  has  not  acted  upon  the  request,  at  the  writing.  This 
variation  is  due  to  a  dry  spring. 

Sunshine  No.l  is  on  Sunshine  Creek.   It  is  filled  by  the 
Greybull  river.   Sunshine  No.  2  is  on  Sunshine  Credfe .   It  is  filled 
by  Wood-River.   No.l  has  a  53,000  acre  foot  capacity.   No. 2  has  a 
57,000  acre  foot  capacity.   Neither  of  these  reservoirs  is  being 
filled  to  capacity.   No.l  has  a  wind  ice  problem  and  the  river- 
rider  says  it  is  not  safe  to  fill  it  above  two  feet  under  the  high 
water  ma)ofe  at  the  dam.   No. 2  has  a  leak  and  has  never  been  filled. 
The  Wood-River  which  fills  No. 2  also  supplies  2-h   second  feet 
of  water  to  the  town  of  Meeteetse.  At  the  head  of  this  long  and 
scenic  river  there  is  exploration  for  copper  and  molybdenum. 
Here  lies  the  old  ghost  town  of  Kirwin  where  gold  miners  dug 
with  pick  and  shovel  at  the  turn  of  the  century.   AMAX  has  applied 
for  two  reservoir  sites  at  Kirwin.   They  have  also  purchased  10,000 
acre  feet  of  water  in  Sunshine  NO. 2  How  they  planj^f  to  get  this  water 
from  Sunshine  No. 2  to  Kirwin,  which  is  up  hill  all  the  way ,  is  a 
mystery.   The  present  water  users  have  the  right  to  doulle  thisr 
appropriation  during  high  water  which  they  need  for  their  crops. 
If  AMAX  catches  the  water  during  high  water  runnoff  it  could 
work  a  hard-ship  on  the  present  water  users.   They  would  not  have  the 
right  of  appropriation  to  take  the  water  above  the  passing  of  the 
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high  water. 

Exxon  has  applied  for  a  permit  to  drill  one  test  hole  in 
exploration  for  copper  this  summer  (1976)  They  will  be  beside 
Al-JfcX.  This  area  where  the  mining  will  be  going  on  is  at  9,000 
feet  elevation  and  up.   The  air  is  clean.  The  streams  are  clear. 
There  are  Elg-Horn  sheep,  Elk,  Deer,  a  few  Moose  and  Bear.   Out- 
fitters report  that  the  Blg-Hom  sheep  and  Elk  have  moved  out  of 
the  area  where  the  mining  is  going  on.   The  Upper  V/ood-River  area 
below.  JoJo  meadows  (at  Kirwin)  has  good  fishing.   There  are  cattle 
ranches  in  ^Me.  valley  >.  below  Kirwin. -The  Kirwin  area' is  surrounded 
by  The  Shoshone' Rational  Forest.  The  area  being  - -plored  by  Exxon 
is  in  a  study  area  for  the  wilderness.   Just  beyond  the  two  companies 
is  the  Washakie  wilderness. 

AMAX  plarr/s  a  permanent  mine  force  of  342  miners.   They 
say  there  may  be  770  men  seasonally.   The  presence  of  these  men  in 
this  area  is  going  to  drastically  change  the  habitat .   There  will 
be  sewage.  There  will  be  dust  and  niose.  There  ,.i?ill  be  leaching  of 
chemicals  and  a  chance  of  spillage  from  the  tailings  line  into  the 
river  from  which  Keeteetse  drinks.  The  national  average   in  the 
number  of  new  people  an  area  can  expect  for  each  miner  is  6.5. 
This  includes  his  wife  and  children  and  service  people.  At  the 
present  expected  permanent  mine  force  this  rive  us  2,223  additional 
peoole .   If  only  half  of  these  people  settled  in  the  area  the 
imoact  would  be  some  thing  to  be  reckoned,  with. 

The  game  animals  and  hunting  would  be  changed. 

The  water  supply  in  the  V/ood-River  would  be  threatened. 

There  would  be  dust  in  the  air  from  trucking,  moving  and 
some  dust  from  the  ground  rock  (even  with  watering  it). 

There  would  be  dust  from  blowing  tailings. 

There  would  be  ore  trucks  passing  through  Cattle  and  Deer.  0 


There  would  be  lost  land  to  roads,  power  lines,  tailings  lines, 
tailings  dump,  the  mill,  shops,  overburden  pile  and  the  pile  of 
oxidized  ore. 

There  will  be  additional  services  needed  such  as  schools, 
police,  recreatioal  places.   The  people  will  be  here  before  the 
mine  is  producing  any  revenue  .  AMAX  plants  a  two  year  constuction 
period  with  the  7?0  men.  This  is  a  serious  tax  lag. 

The  most  serious  problem  in  this  dry  area  is  the  thirsty 
mine.   Can  the  mine  operate  in  this  area  where  the  water  quantity 
fluctuates  when  the  mine  has  a  continuing  need  for  a  specified 
amount  of  water? 

The  Meeteetse  Preservation  Organization  would  like  to 
preserve  a  high  quality  of  life  in  this  area.  We  realize  there 
is  always  change,  but  we  ask  why  this  company  is  to  tear  up  this 
spectacular  country  for  low  gra.de  ore.  AMAX  says  the  average 
ore  grade  in  copper  at  Kirwin  is  0.4  .  The  national  average  of 
mineable  low-grade  copper  ore  is  jO-.S      We  wonder  why  this  beautiful 
country  needs  to  be  torn  up  for  an  admittedly  poor  ore  body  when 
there  are  so  many  mines  cutting  back?  We  would  like  to  stop  the 
needless,  wanton  waste  of  natural  resources  in  an  unproven  field. 
AMAX  admits  this  could  be  a  mine  of  short  duration  but  the  impacts 
would  be  far  reaching.   We  would  like  to  see  this  country  protected 
forever  from  this  threat. 
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Issue  Paper 
A/ind-Big  Horn  River 
Yellowstone  Level  B  Study- 


Wyoming  Outdoor  Council 

Joe  Cyphers  -  Representative 


The  Wyoming  Outdoor  Council  views  the  land  and  water  of 
the  Wind-Big  Horn  River  drainage  as  possibly  its  most  impor-  ■ 
tant  natural  resources.  The  minerals  and  fossil  fuels  are 
harvested  only  once,  but  hopefully  the  land  and  water  will 
remain  a  productive  asset  to  the  state  and  nation  for  all 
time,.  To  this  end  the  Wyoming  Outdoor  Council  would  seek 
the  following  objectives: 

1.  Agricultural  usage  of  the  land  .ind  water  should  be 
preserved  and,  where  environmentally  feasible , 
increased. 

2.  Stream  flows  should  be  maintained  for  purposes  of 
fisheries,  wildlife,  and  esthetics. 

3.  Additional  water  storage  facilities  should  be 
undertaken  only  when  necessary  for  municipal  or 
agricultural  water. 

4o  Open  space  should  be  preserved  in  agricultural  and 
mountain  areas. 

Wyoming  is  experiencing  a  rapid  growth  in  the  energy 
industry  to  meet  the  need  of  the  nation  for  the  next  50-100 
year  period.  The  mining  of  fossil  fuels  must  ultimately  be 
an  interim  energy  source.  Failure  of  the  state  and  nation 
to  exercise  control  of  the  coal  producing  areas  could  logi- 
cally bring  forth  a)  large  mines v  b)  large  energy  conversion 
facilitiesj  c)  large  energy  intensive  industries,  and  d)  aban- 
donment of  (a)  and  (b)  in  that  chronological  order.  Competi- 
tion for  agricultural  land  and  water  by  industry  would 
ultimately  cause  extreme  hardships  on  historical  ranching 
and  farming  operations  due  to  population  pressures,  tax  loads, 
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air  quality,,  water  quality  and  quantity.  The  location  of 
large  numbers  of  thesfc  facilities  in  either  the  Big  Horn  Basin 
or  Powder  River  Basin  would  affect  the  Wind-Big  Horn  River 
drainage  area  adversely » 

In  an  attempt  to  maintain  the  agricultural  value  of  the 
Wind-Big  Horn  River  drainage,  the  following  actions  should  be 
considered: 

1,  At  the  local  level  - 

a.  Water  quality  du©  to  pollution  should  be  addressed j 

2«  At  the  state  level  - 

a.  Establishment  of  a  policy  permitting  large  on-site 
conversion  facilities  only  where  significant 
amounts  of  v.he  energy  is  used  in  state; 

b.  Restriction  of  transfer  of  agricultural  water  to 
industrial  purposes; 

c.  Aclcnowledgement  of  in-stream  use  as  a  beneficial 
use  of  watery 

d.  Funding  the  otate  Department  of  Environmental 
Quality  to  a  level  sufficient  to  meet  its  ©isBioa; 

3«  At  the  federal  le\»el  - 

a.  Denial  of  further  major  water  commitments  from  the 
Wind~£ig  Horn  Rv.ver  drainage  for  industrial  purposes* 

The  Wyoming  Outdoor  Council  takes  the  position  that  Wyoming 
can  do  its  part  in  furnishing  fossil  fuels  and  uranium  to  meet 
the  nation's  energy  needs.  We  feel,  however,  that  the  conversion 
should  take  place  at  the  load  canters.  The  environmental  costs 
of  extraction  are  enough  without,  the  additional  burden  of 
conversion  and  industrialisation  for  a  primarily  agricultural 
state  to  bear.  Let  those  areas  already  geared  for  industriali- 
zation with  manpower  and  energy  needs  convert  the  fuels. 

Hopefully  the  Wind-Big  Horn  River  drainage  can  remain 
primarily  a  productive  agricultural  area  for  time  periods  of 
hundreds  of  years  in  the  future  furnishing  food  long  after  the 
temporary  energy  facilities  have  served  their  purpose 3 
To  accomplish  this,  we  nust  rocoguize  at  all  levels  the  need 
to  be  good  stewards  of  t.'ie  land  and  water,, 
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YELLOWSTONE   RIVER  BASIN   LEVEL   B  STUDY 
ISSUE    PAPER 
LAND  AND  WATER   DEVELOPMENTS 
FOR  THE 
WIND-BIG   HORN  AND   CLARK'S   FORK   RIVER   DRAINAGES 
IN  WYOMING 


PREPARED   BY   THE 
BIG   HORN   BASIN   RC&D   LAND  AND  WATER  COMMITTEE 
WORLAND,   WYOMING 


IS 


The  major  objective  of  the  Sponsors  of  the  RC&D  Project  Is  to  help  stimulate 
local  people  to  action  which  will  bring  economic,  social,  and  environmental 
benefits  to  the  Wind-Big  Horn-Clark's  Fork  River  Basins  through  conservation, 
development  and  wise  use  of  natural  and  human  resources. 

The  long  range  plan  of  the  Land  and  Water  Committee  is  to  help  stimulate  the 
development  of  the  potentially  irrigable  land,  with  suitable  soils  and  slopes 
where  water  is  available.  The  committee  also  supports  the  development  of  addi- 
tional water  storage  facilities  to  allow  the  development  of  these  lands. 

Several  projects  are  currently  in  the  planning  stage.   The  Polecat  Bench 
project  was  signed  into  law  in  March  1976.   Congress  has  not  yet  appropriated 
funds  for  construction.   This  project  involves  putting  some  20,000  acres  of 
native  rangeland  into  irrigated  production. 

The  Wests! de  Irrigation  Project  (Worland)  has  been  planned,  and  financing 
is  being  sought.   This  project  will  also  involve  the  developing  of  about  19,000 
acres  of  rangeland  into  a  sprinkler  irrigation  project. 

The  water  users  on  Shell  Creek  have  expressed  some  interest  in  developing 
supplemental  storage  facilities  in  the  lower  Sheli  Creek  area,  to  provide  addi- 
tional irrigation  water.   If  these  storage  facilities  are  developed  it  is  anti- 
cipated the  group  will  request  the  use  of  PL  566  funds  and  RC&D  funds  for  the 

project. 

The  Wests ide  Irrigation  Project  group  has  expressed  some  interest  in  devel- 
oping supplemental  storage  facilities  in  15  Mile  drainage.   This  could  possibly 
involve  the  use  of  PL  566  or  RC&D  funds. 

Many  other  irrigation  projects  are  being  investigated  throughout  the  pro- 
ject area.   Numerous  small  acreages  are  being  developed  by  farmers  and  ranchers  as! 
new  technology  becomes  available.   Many  small  drainages  are  short  of  water  during 
periods  of  peak  use,  and  need  supplemental  storage  to  provide  adequate  water 
to  obtain  maximum  yields. 
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It  is  the  position  of  this  committee  that  provisions  must  be  made  to  retain 
sufficient  water  in  these  Basins  to  meet  the  needs  for  fui 1  development  of  the 
potentially  irrigable  lands  within  the  RC&D  Project  area.   The  committee  further 
feels  that  the  long  term  benefits  of  using  water  to  develop  the  potentially 
irrigable  lands  of  the  "basin"  are  much  greater  than  using  the  water  for  energy 
development  in  other  areas  of  the  state.   The  following  data  is  provided  to 
support  this  position. 

According  to  the  Wind-Big  Horn-Clark's  Fork  River  Basin  Type  IV  Survey  (1974) 
the  Soil  Conservation  Service  Identified  824,000  acres  of  potentially  irrigable 
land  in  the  Wind-Big  Horn  Basin.   This  report  (table  VI 1-1)  indicates  a  diver- 
sion requirement  of  3,374,000  acre  feet  to  service  these  lands  (4.09  a.f/a). 

The  report  from  the  'Wyoming  Water  Planning  Program"  (1972)  states  (page  • 
54):   "The  remaining  unused  and  unappropriated  water  is  2.1  to  2.3  million  acre 
feet  per  year.  Wyoming's  80  percent  allocation  is  1.8  million  acre  feet  per 
year,  more  or  less." 

Based  upon  the  proposed  water  requirement  of  4.09  acre  feet  per  acre  the 
estimated  available  1.8  million  acre  feet  would  provide  water  for  440,000 
additional  acres.   This  represents  only  53.4%  of  the  Identified  potentially 
irrigable  lands. 

An  examiniation  of  the  map  showing  the  location  of  the  potentially  irrigable 
lands  reveals  to  persons  familiar  with  their  location,  that  the  large  majority 

of  this  acreage  is  within  both  reasonable  distances  and  pumping  lifts  of  avail- 

i 

able  water  supplies.   A  close  examination  of  the  map  also  reveals  to  knowledg- 
able  persons,  that  there  are  other  tracts  not  shown  as  potential ly  irrigable 
which  by  personal  familiarity  are  known  to  fall  in  the  irrigable  category.   Thus 
it  is  evident  that  there  are  many  thousands  of  acres  of  land  in  the  Wind-Big 
Horn  Basin  areas  that  are  feasible  for  development  if  water  were  available,  but 

which  in  fact  are  in  excess  of  all  available  or  potentially  available  water 
suppl ies. 
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In  the  absence  of  sufficient  water  to  provide  for  foreseeable  future 
agricultural  needs,  notwithstanding  the  future  undetermined  requirements  for 
municipal,  Industrial,  recreational  or  other  consumptive  uses,  the  obvious 
immediate  requirement  is  to  establish  priorities  of  use  for  the  limited  supply 
of  water  remaining  uncommitted.  Such  priorities  would  most  logically  Include 
the  following: 

Priority  No.  One:  Domestic  use  including  municipal  supplies. 

Priority  No.  Two:  Agricultural  use  for  livestock  and  irrigation.   This 
use  promises  to  retain  and  develop  a  viable  economic  and  tax  base,  dependent 
upon  renewable  resources  which  will  insure  the  long  term  quality  of  life  most 
desired  by  present  and  future  residents. 

Priority  No.  Three:   Industrial,  power  or  other  uses  which  would  provide 
employment  and  increase  the  economic  or  tax  base  of  the  area. 

Priority  No.  Four:   Recreation,  fish  and  wildlife.   The  needs  of  this 
priority  will  be  largely  accomplished  incidental  to  the  development  of  higher 
priority  uses.   However,  should  development  of  such  uses  arise  prior  to  the 
use  under  other  priorities,  those  developments  should  be  granted  such  appro- 
priations of  water  as  permitted  under  State  Water  Laws. 

Priority  No.  Five:  Water  allocated  to  the  State  of  Wyoming  under  the 
Yellowstone  Compact  which  inadvertently  finds  its  way  into  the  Big  Horn  Reser- 
voir, irrespective  of  any  development  which  has  been  or  may  In  the  future  be 
undertaken  under' Priorities  Nos.  One  through  Four.  Water  falling  in  the 
Priority  No.  Five  may  be  used  In  other  areas  of  the  Yellowstone  River  Basin 
as  permitted  under  the  Yellowstone  Compact. 

The  direct  flow  of  the  major  streams  will  not  provide  for  any  more  devel- 
opment without  the  construction  of  additional  storage  reservoirs.  While  only 
a  fraction  of  the  storage  capacity  in  Boysen  Reservoir  is  currently  being 
utilized  for  irrigation,  it  is  evident  that  the  approximately  1,000,000  acre 
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feet  now  flowing  out  of  the  Big  Horn  River  Into  Big  Horn  Reservoir  cannot  be  com- 
pletely controlled  by  the  550,000  a.f.  at  useable  storage  capacity.  This  strategi 
cally  located  reservoir  can  be  economically  increased  in  size  to  provide  about 
a  million  acre  feet  of  useable  capacity.   This  should  be  done  at  the  earliest 
possible  date  and  state  action  to  bring  this  about  is  Imperative. 

The  Shoshone  River  likewise  annually  contributes  about  800y000  acre  feet 
of  unused  water  to  Big  Horn  Reservoir.  The  Bureau  of  Reclamation  has  plans  to 
raise  the  Buffalo  Bill  Dam  to  store  an  additional  271,000  feet  of  water.   If 
these  plans  are  not  fulfilled  at  an  early  date,  the  State  of  Wyoming  should 
likewise  pursue  this  objective.   Bureau  of  Reclamation  plans  would  allocate  most 
of  this  additional  storage  to  industrial  use,  possibly  with  the  implication  it 
would  be  exported  from  the  basin.   Such  exportation  would  place  an  additional 
constraint  upon  the  already  short  supply  of  water  available  for  agricultural 
use. 

In  addition  to  these  major  reservoirs  numerous  smaller  developments  as 
necessary  should  be  constructed  to  stablize  flows  on  head  waters  of  major  streams 
throughout  the  length  of  minor  tributaries.   Many  off  stream  storage  sites  need 
to  be  developed. 

The  upper  reaches  of  the  Wind  River  is  in  need  of  storage  to  supplement 
existing  rights  as  well  as  to  provide  for  future  development.  As  more  Indian 
lands  are  brought  into  production,  the  direct  flow  of  major  streams  will  be 
further  depleted.   Unless  adequate  storage  is  included  as  a  part  of  the  Indian 
development,  the  problem  of  non-indian  direct  flow  rights  will  become  very  acute. 
Cooperative  action  by  the  State  of  Wyoming  and  the  Indian  tribes  would  be  most 
desirable  but  in  the  event  such  joint  action  is  not  possible,  the  state  should 
pursue  an  active  program  of  storage  development  on  a  number  of  available  sites. 
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SUMMARY 

In  order  to  make  water  available  for  the  potentially  irrigable  lands  with- 
in the  Wind-Big  Horn  Drainage,  additional  storage  will  have  to  be  provided. 
Perhaps  increasing  the  capacities  of  both  Boysen  and  Buffalo  BUI  Reservoirs 
could  provide  additional  agricultural  water  at  the  least  cost  and  a  minimum  of 
environmental  impact.  Other  small  reservoirs  appear  to  lend  themselves  to 
enlargement  of  the  storage  capacities  without  serious  obstacles.  Other  storage 
sites  both  on  and  off  stream  should  be  studied  in  more  detail  as  part  of  a  plan 
to  permit  full  development  of  our  potentially  irrigable  lands. 
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SUPPLEMENTARY  AND  SUPPORTING  MATERIAL 

1.  U.S.D.A.  and  other  cooperating  Agencies.   1973.   Big  Horn  Basin  Wyoming 
RC&D  Project  Plan.   Pages  k8,  kS,   and  map  of  Irrigable  and  Irrigated 
Land,  Big  Horn  Basin  Resource  Conservation  and  Development  Project. 

2.  U.S.D.A.  and  Wyoming  State  Engineer,   197*+.  Wind-Big  Horn-Clark's  Fork 
River  Basin  TYPE  IV  Survey  V/yoming  Supplement.  Table  Vll-l  -- 
Potentially  Irrigable  Lands  and  estimated  irrigation  requirements  by 
subbasins  in  Wyoming. 

3.  U.S.  Bureau  of  Land  Management.   1975.   Environmental  Analysis  of  the 
Proposed  Agricultural  Development.   (Copy  not  enclosed) 

k.     Wyoming  Framework  Water  Plan  -  State  Engineers  Office  -  May  1973. 
Pages  129,  1^5. 
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Table  VII-1--Potent ial ly  Irrigable  lands  and  estimated 
irrigation  requirements  by  subbasin  in  Wyoming 


Subbasin  name 


Irrigable 
areas 


t 


:  Projected 

Met  field  :  irrigation 

irrigation  t  water 

water./  t  requirement 

demand  -'    %  2/ 


Wind  River 


s. — .acres- 
t 

:  181,600 


■inches--— 
23 


-1,000  acre-feet. 
696 


Bighorn  River 

:     61*2, 800 

25 

2,678 

Clarks  Fork 

1+1,600 

2k 

166 

Little  Bighorn  River 

9,600 

20 

32 

Total 

•    875,600 

2k.  5 

3,572 

\J     Estimated  average  for  all  crops  and  associated  new  vegetation 
in  each  subbasin. 

2/  Estimated  50  percent  irrigation  project  efficiency. 


POTENTIAL  SURFACE  WATER  DEVELOPMENT 

Estimated  water  savings  through  increased  irrigation  efficiencies 

About  66  percent  or  356,830  acres  of  the  presently  irrigated  cropland 
in  the  basin  benefit  from  an  abundant  basic  water  supply.   Some  of  these 
lands  fail  to  receive  a  full  irrigation  supply  because  of  inefficiencies 
in  the  transportation,  management,  and  application  of  irrigation  water. 
If  project  irrigation  efficiencies  on  these  lands  were  increased  10  percent, 
about  230,000  acre-feet  less  water  would  be  diverted  for  irrigation  each 
year,  irrigated  lands  would  be  more -evenly  irrigated,  increased  production 
would  result,  and  instream  water  quality  would  be  enhanced.  This  does 
not  represent  a  net  savings  of  water,  however,  since  much  of  the  presently 
diverted  water  returns  to  the  natural  streams  as  irrigation  tailwater  or 
as  ground-water  return  flow. 

The  potential-  for  saving  water'  through  increased  efficiencies  is  not 
so  good  in  areas  where  the  basic  streamflow  is  less  than  enough  to  supply 
a  full  irrigation  supply  annually.   Some  of  the  irrigated  lands  in  the  basin 
do  not  receive  even  one  complete  irrigation  in  dry  years.   Increased 
efficiencies  on  these  lands  would  result  in  increased  production,  improved 
water  quality,  and  better  land  use.  However,  one  of  the  main  incentives 
to  increase  water  use  efficiency  in  these  areas  is  to  use  the  water  on 
additional  adjacent  land,  and  the  net  result  would  probably  be  a  reduction 
of  water  downstream. 

VII-2 
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IRRIGABLE  AND  IRRIGATED  LAND 

BIG  HORN  BASIN 

RESOURCE  CONSERVATION  S  DEVELOPMENT  PROJECT 

BIG  HORN,  FREMONT,  HOT  SPRINGS,  PARK, 
ANO  WASHAKIE  COUNTIES,  WYOMING 
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Points  for  discussion  in  the  Environmental  Quality  Plan.  Prepared  by 
Joe  Cyphers  and  Margaret  Bovee  for  the  Clark  Wind-Bighorn  team  of  the 
Level  B  Study  of  the  Yellowstone  River  Basin  and  Adjacent  Coal  Areas. 

Goals  to  be  met  by  an  EQ  plan  were  outlined  in  the  Multiple  Objective 
Planning  manual  and  were  used  as  a  guideline  for  our  recommendations.  It  is 
well  to  remember  (quoting  the  Multiple  Objective  Planning  manual)  that  "at  initial 
stages  plan  formulation  emphasinzing  EQ  plans  should  not  be  unduly  influenced 
by  monetary  effects,  cost  sharing  or  other  economic  factors  that  may  affect  the 
planning  process. 

Actions  to  be  Considered  in  formulating  a  plan  with  an  EQ  amphasis: 

(A)  ^Acquisition  and  maintenance  of  land  and  water  in  congested  areas  as  open 

spaces  and  greenbelts  for  parks,  for  recreation  development  on  flood  plains, 
and  for  generally  preserving  riverine  areas  in  cities  and  towns. 

Suggestions:  1-Recommend  tax  laws  which  will  allow  farm  lands  to  remain  in 
agriculture  rather  than  be  taxed  at  "best  use." 

2-Find  out  if  flood  plains  and  unstable  lands  have  been  identified 
in  both  urban  and  rural  areas.  Do  so  if  this  has  not  been  done 
and  prohibit  any  sort  of  development  other  than  parks, 
bikeways,  golf  courses,  etc. 

(B)  Preservation  and  maintenance  of  the  intrinsic  values  of  flowing  streams  for 
public  use  (wild,  scenic,  and  recreation  rivers)  for  fish  and  wildlife 
habitat,  and  for  aesthetic  values. 

Suggestions:  1-Recommend  that  the  portion  of  the  Clark's  Fork  which  is  under 
study  as  a  Wild  or  scenic  river  receive  such  designation, 
especially  since  it  is  supported  by  land-owners  with  land 
adjacent  to  the  river. 

2-Consider  the  designation  of  Shell  Creek  from  its  source  to 
the  Forest  Service  Boundary  as  a  scenic  river. 
3-Provide  for  instream  flow  needs  and  work  for  water  rights  for 
flow  needs.  Economic  values  for  such  appropriation  cannot  be 
measured. 

(C)  Protect  natural  lake  environments  and  provide  and  manage  reservoirs 

to  provide  high  biological  productivity  of  desirable  species  for  optimum 
levels  of  human  use. 

Suggestions:  Seek  Wilderness  designation  for  the  High  Country  Lakes  in 
the  Beartooth  Mountains. 

(D)  Protect  beaches  and  shores .  Not  Applicable. 
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(E)  Conserve,  preserve,  or  enhance  wilderness,  primitive  and  natural  areas. 

Suggestions:  1-Consider  redesignation  of  the  Cloud  Peak  primitive  area 
to  that  of  wilderness.  Also  other  areas? 

(F)  Preserve  and  Maintain  estuarine  and  wetland  areas  that  are  important  feeding 
and  nursery  habitat  for  a  wide  variety  of  plants  and  animals. 

(G)  Preserve  for  future  use  and  enjoyment  of  man,  areas  of  natural  beauty 
including  waterfalls,  scenic  canyons,  etc. 

Designation  of  Shell  Creek  as  a  scenic  river  would  protect  Shell  Falls,  and 
Shell  Canyon.  Designation  of  the  Clark's  Fork  as  a  wild  river  would 
protect  the  canyon.  Big  Horn  Canyon  has  some  protection  with  the  designation 
of  National  Recreation  Area.  Also  any  other  areas  needing  protection. 

(H)  Provide  for  the  preservation  and  interpretation  of  those  archeological , 
cultural,  and  historic  resources  that  lie  within  areas  that  would  be 
disturbed  by  water  projects  and  programs  or  depend  upon  an  appropriate 
supply  of  water  for  appreciation. 

Sites  which  should  be  preserved:  1-Archeological  digging  site  on  Sunlight 
Creek  (University  of  Wyoming);  2-Areas  in  the  Nowood  River  area;  3-Sites 
along  the  proposed  route  for  the  Big  Horn  Canyon  road;  4-A  Mountain  Sheep 
Jump-off  point  on  the  South  Fork  of  the  Shoshone  is  in  no  present  danger 
because  of  inaccessibility,  but  should  be  noted  for  its  unique  nature. 

(I)  Provide  for  maintenance  of  the  habitat  of  species  of  plants  and  animals 
determined  to  be  rare  or  in  danger  of  extinction. 
Known  endangered  species  in  our  area:  Grizzly  Bear,  black-footed  ferret. 

(J)  Provide  for  the  maintenance  of  adequate  habitat  to  support  the  plants  and 
animals  that  contribute  to  the  observation  and  harvest  of  fish  and  wildlife 
resources. 

Suggestions:  1-Oppose  reservoir  sites  which  would  indundate  wildlife 

habitat  such  as  the  Sunlight  Creek  Reservoir  would  have  done 

and/or  which  would  flood  fisheries  or  cause  severe  thermal 

pollution. 

2-Coordinate  fire-fighting  efforts,  especially  on  forest  or 

•range  land,  with  federal  or  state  agencies  and  private  owners. 

This  will  also  serve  to  preserve  the  quality  of  the  water  (m) 

(K)  Preserve  and  maintain  areas  lying  within  the  area  disturbed  by  water 
projects  or  programs  that  display  and  explain  the  geological  process  of 
the  development  of  the  earth. 

The  Wind  River  Canyon  is  an  example  of  the  type  area  we  would  wish  to 
preserve. 

(L)  Nothing  Suggested 

(M)  Where  water  quality  is  now  below  established  standards,  provide  for 
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maintenance  of  the  quality  at  a  level  which  provides  for  present 

and  future  uses. 

Suggestions:  1-Research  the  idea  of  using  aquatic  plants  to  clean  up 
agricultural  and  industrial  wastes  and  sediment; 
2-Regulate  the  disposal  of  liquid  wastes  in  deep  wells; 
3-Require  industrial  waste  monitoring  to  be  done  by  non- 
industry  personnel . 

4-Seek  to  improve  the  quality  of  Big  Horn  River  water  (sedimentation) 
with  better  range  management  and  farm  practices. 
5-Provide  for  optimum  stream  flow  in  the  Shoshone  River  to 
prevent  concentration  of  sulphur  which  occurs  naturally. 
6-Preserve  the  quality  of  Clark's  Fork  water  through  Wild 
River  designation  and  control  of  summer  home  developments. 
7-Require  minimum  lot  size  (1  acre  in  Park  County)  for  homes 
requiring  septic  tanks.  (This  is  somewhat  contradictory 
since  larger  lost  sizes  use-more  land.)  Or  investigate 
alternate  methods  for  private  waste  water  disposal  such  as 
electro-osmosis  in  which  electricity  is  induced  into  the 
drain  field  to  minimize  the  amount  of  space  needed  for  a 
drain  field  and  to  speed  the  evaporation  process. 

(N)  Where  air  quality  is  now  below  established  standards,  provide  for  its 
improvement.  Where  air  quality  is  now  above  the  established  standards, 
maintain  the  quality  at  a  level  which  provides  for  future  use. 

Suggestions:  1-Support  a  coal  export  policy  as  preferable  to  energy 
conversion  plants  located  in  areas  of  clean  air,  limited 
water  supplies,  and  sparse  population  (would  require  importation 
of  labor  with  resultant  people  pollution).  Net  energy 
probably  greater  with  conversion  in  area  of  use. 
2-Support  a  crash  program  for  alternative  energy  sources.  In 
addition  to  solar  and  wind  energy,  investigate  the  use  of  hydrogen 
and  methane  gas  as  energy  sources. 

3-Practice  conservation  in  private  lives  as  well  as  agency 
practices.  How  many  of  us  shared  a  ride  today? 
4-Support  legislation  which  will  permit  a  continuence  of  our 
anti -degradation  policy. 

(0)  Conserve  productive  topsoil  for  future  use  in  producing  food  and  fiber 

as  well  as  a  part  of  the  habitat  of  man.  Provide  for  the  use  of  land  within 
its  carrying  capacity,  institute  wise  land  use  practices  so  that  the  land 
is  not  degraded,  and  institute  measures  to  correct  past  misuses. 

Suggestions:  1-Improve  farming  and  irrigation  practices  to  prevent  soil 
erosion; 

2-Seek  to  keep  productive  agricultural  land  for  this  purpose 
instead  of  home  or  industrial  development. 

(P)  Reduce  sound  levels  where  they  create  a  hazard  to  health  or  a  nuisance 
to  future  programs  so  that  sound  does  not  become  a  problem. 

(Q)  Maintain  the  visual  attractiveness  of  project  areas  and  design  future 
projects  and  programs  so  that  visual  quality  is  not  impaired. 
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Several  other  ideas  come  to  mind  which  do  not  particularly  fit  into  any 
of  the  above.  One  of  these  is  the  desirability  of  ecological  and/or  artist 
camps  by  colleges  or  other  educational  organizations.  Support  of  this  type 
development  would  be  within  the  desirable  goals  of  an  EQ  plan. 

A  study  to  determine  electrical  needs  for  sprinkler  irrigation  as  opposed  to 
energy  needs  to  clean  up  water  which  becomes  contaminated  in  gravity-flow  irrigation 
might  give  insight  into  the  desirability  of  methods. 


Submitted  by  Margaret  Bovee  League  of  Women  Voters  of  Wyoming 
Joe  Cyphers    Wyoming  Outdoor  Council 
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NATIONAL  INTERIM  PRIMARY  DRINKING  WATER  REGULATIONS 

The  national  Safe  Drinking  Water  Act  of  1974  requires  that  all  states 
adopt  regulations  that  will  insure  safe  drinking  water  supplies  throughout  the  United 
States.  Congress  authorized  the  EPA  to  establish  regulations  and  standards 
to  that  end--the  first--ever  required  protection  for  all  drinking  water.  Prior 
to  the  implementation  of  the  Primary  Iterim  Regulations,  only  water  supplies 
used  by  interstate  carriers  (buses,  trains,  planes)  were  federally  regulated. 
Following  are  some  of  the  more  frequently  asked  questions  concerning  these 
regulations,  and  the  pertinent  answers. 

Why  are  these  called  Interim  Regulations?  These  regulations,  published  in  the 
December  24,  1975,  Federal  Register,  may  be  subject  to  change  as  time  and  experience 
dictate.  Some  regulations  for  which  further  study  is  needed  will  be  added.  For 
instance,  standards  for  organic  chemical  contaminants  have  been  deferred  for  two 
years  until  better  methods  for  testing  may  be  determined. 

What  Does  "Primary"  Indicate?  It  will  be  mandatory  that  all  states  adopt  the 
primary  regulations  which  set  maximum  contaminant  levels  (MCLs)  for  organic  and 
inorganic  chemicals,  radioactivity,  bacteria,  and  turbidity,  and  establish 
monitoring  schedules.  "Secondary"  regulations  will  be  set  for  taste,  odor,  and 
appearance,  but  states  will  not  be  required  to  adopt  these. 

When  will  the  Regulations  go  into  effect?  They  will  take  effect  on  June  24,  1977, 
and  will  remain  in  effect  until  such  time  as  they  are  superseded  by  the  Revised  National 
Primary  drinking  water  regulations,  scheduled  to  go  into  effect  in  March  1979. 

Who  will  enforce  the  Regulations?  It  is  the  hope  that  each  state  will  be  its 
own  primary  enforcement  authority,  but  the  EPA  will  be  the  administrator  if  the  state 
has  not  met  the  requirements  as  enforcing  agency  or  fails  to  function. 

Who  must  meet  the  Standards:  All  water  systems,  whether  public  or  private, 
which  supply  water  for  60  or  more  days  a  year  (not  necessarily  continous)  to  25 
or  more  persons  daily,  or  supplying  15  or  more  connections,  are  subject  to  the  regulations 
This  includes  municipalities  as  well  as  private  suppliers  such  as  factories,  churches  , 
campgrounds,  lodges,  filling  stations,  etc. 
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What  must  the  state  do  to  become  the  enforcement  authority?     Each  state  must: 
1-adopt  regulations  no  less  stringent  than  national   standards;  2-adopt  procedures  for 
monitoring  and  inspections;     3-have  a  plan  for  provision  safe  drinking  water  in 
emergencies;  4-establish  and  maintain  record-keeping;  5-provide  variances  and 
exemptions  no  less  stringent  than  national   standards.     They  may  be  stronger. 

What  if  there  are  sub-standard  conditions?     Public   (or  community)   suppliers 
must  notify  consumers  by  public  media  and  notices  in  water  bills  if  it  fails  to 
meet  MCL  standards  and/or  monitoring  schedules—or  if  an  exemption  from  such  requiremer 
has  been  given.     Private   (or  non-community)   suppliers  must  give  notice  in  such  way  thai 
any  person  who  would  be  drinking  the  water  is  informed  before  he  does  so. 

What  is  a  contaminant?     For  purposes  of  this  act,  a  contaminant  is  defined  as 
anything  which  is  not  strictly  H2O,  even  if  it  is  not  harmful   and  could  even  be  conside 
to  be  beneficial.     Inorganic  chemicals   listed  are  arsenic,  barium,  cadmium,  chromium, 
lead,   flouride,  mercury,  nitrate,  selenium  and  silver.     Organic  chemicals  covered 
are  chlorinated  hydrocarbons  and  chlorophenoxys.     No  minimum  levels  are  given--not 
even  for  flouride. 

Does  the  act  prescribe  treatment?  No.     How  the  state  achieves  the  acceptable 
level   is  up  to  the  state.     The  maximum  contiminant  levels  may  be  met  by  elimination 
of  the  contaminant  at  the  source  or  by  specific  treatments  for  specific  contaminants. 
Testing  methods  for  the  MCLs  are  given,  however. 

Who  is  going  to  pay  for  all   of  this?  There  is  no  federal  money  for  upgrading  local 
water  systems  nor  for  state  monitoring  and  testing  expenses.     Support  from  citizens 
for  adequate  fundings  is  imperative.     It  is  becoming  increasingly  expensive  to  achieve 
the  same  quality  of  water  which  was  once  taken  for  granted. 
October  1976  Researched  and  compiled  by  Margaret  Bovee 
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YELLOWSTONE  RIVER  BASIN  LEVEL  B  STUDY 
CLARKS  FORK  ISSUE  PAPER 
WATER  DEVELOPMENT  PROJECT  PROPOSALS 

WWPP  March  1976 
I.    Identified  potentials  and  applications  for  permits  (exerpts  from  the  Wyoming 

Framework  Water  Plan). 

The  Clarks  Fork  and  its  tributaries  drain  about  2,660  square  miles  in  Montana 

and  Wyoming.   The  Clarks  Fork  heads  at  Lady  of  the  Lake  in  Montana  and  then  flows 

south,  entering  Wyoming  near  Cooke  City,  Montana.   About  1,050  square  miles  are 

drained  in  Wyoming  by  Clarks  Fork,  before  the  river  flows  back  into  Montana  near 

Chance,  Montana.   The  discharge  of  Clarks  Fork  is  778,780  acre-feet  per  year  at 

the  mouth  and  689,600  acre-feet  at  Chance.   About  11,120  acres  are  currently  being 

irrigated  from  Clarks  Fork  and  its  tributaries  in  Wyoming. 

Opportunities  for  water  resource  development  in  the  Wyoming  portion  of  the 

Clarks  Fork  Basin  have  been  investigated  by  the  USBR  and  the  SCS.   The  Wyoming 

Water  Planning  Program  also  investigated  three  alternatives  of  major  resource 

development  to  utilize  Wyoming's  Clarks  Fork  allocation  under  the  Yellowstone  River 

Basin  Compact. 

USBR  Investigations  - 

In  1956  the  USBR  identified  the  Beartooth  Unit  as  a  potential  hydropower 

project  on  the  Clarks  Fork.   The  unit  consists  of  three  dams  and  reservoirs  on  the 

main  stem  of  the  Clarks  Fork,  one  dam  and  reservoir  on  Sunlight  Creek,  and  three 

hydropower  plants  and  related  facilities  on  the  main  stem  of  Clarks  Fork. 

Hunter  Mountain  Dam  on  Clarks  Fork  would  be  located  the  farthest  upstream 

and  have  a  capacity  of  130,000  acre-feet.   A  34,800-foot  conduit  would  supply 

the  14,400  kilowatt  Hunter  Mountain  Power  Plant.   The  200,000  acre-foot  capacity 

Thief  Creek  Dam  located  about  12  miles  downstream  from  Hunter  Mountain,  and  the 

50,000  acre-foot  Sunlight  Dam  would  supply  the  125,200  kilowatt  Sunlight  Power 

Plant  through  a  34,900-foot  conduit  and  a  3,900-foot  conduit  respectively.   A 
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14,900  kilowatt  power  plant  would  be  located  at  the  end  of  Sunlight  conduit.   The 
14,600  acre-foot.  .Bald  Ridge  Dam  would  be  located  7  miles  downstream  from  Thief 
Creek  and  have  a  25,600-foot  conduit  to  the"  Bald  Ridge  Power  Plant. 

The  1956  study  indicated  a  firm  energy  supply  of  778  million  kilowatt 
hours  at  an  installed  cost  of  $131  million.   The  benefits  were  estimated  to  ex- 
ceed costs  by  1.09  to  1. , 

The  USBR  also  identified  an  irrigation  potential  on  Chapman  Bench  in  the 
Clarks  Fork  River  Basin.   Chapman  Bench  is  located  about  12  miles  west  of  Polecat 
Bench  along  the  east  side  of  Pat  O'Hara  Creek.   The  USBR  plan  included  the  unit 
as  a  portion  of  the  Shoshone  Extensions  Unit.   The  plan  called  for  irrigation 
of  3,550  acres  with  a  full  water  supply  and  3,800  acres  .to  be  irrigated  during 
the  off-peak  demand  season  and  used  for  irrigated  pasture.   The  unit  was  dropped 
from  inclusion  in  the  Shoshone  Extensions  Unit  by  the  USBR. 

SCS  Watershed  Investigation 
The  Watershed  Investigation  Report  for  the  Cyclone  Bar  area  of  the  Clarks  Fork 
River  Basin  was  prepared  in  1971  by  the  SCS.   The  three  problems  identified  on 
Cyclone  Bar  by  the  SCS  included:  (1)  irrigation  shortages  on  Little  Rock,  Bennett, 
and  Line  Creeks;  (2).  flood  damages  to  irrigation  structures  and  ditches  on  Little 
Rock,  Bennett,  and  Line  Creeks;  and  (3)  freezing  and  icing  on  the  lower  reaches 
of  Bennett  Creek. 

Each  winter  Bennett  Creek  freezes  from  the  bottom  up  and  develops  a  sheet  of 
ice  2  to  3  feet  thick,  one-fourth  to  three-fourths-mile  wide,  and  up  to  2.5  miles 
long.   The  land  covered  by  ice  is  unproductive  until  .mid-summer .   While  the  problem 
was  not  studied  in  detail  by  the  SCS,  there  may  be  ways  of  preventing  this  massive 
ice  build-up. 

The  SCS  study  determined  there  is  little  potential  for  using  reservoir  storage 
to  provide  supplemental  irrigation  water  supplies  or  for  flood  control  storage. 
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This  is  because  of  a  lack  of  good  storage  sites  and  suitable  construction  materials, 
The  best  means  identified  for  reducing  flood  damages  are  through  channel  stabili- 
zation and  installation  of  permanent  diversion  structures.   Supplemental  irriga- 
tion water  could  be  diverted  from  the  Clarks  Fork  and  regulated  on  Lake  Creek  with 
a  reservoir  to  serve  lands  on  Little  Rock  and  Bennett  Creeks. 

A  diversion  structure  on  Clarks  Fork  (Sec.  12,  T.  56  N.,  R.  103"  W.)  would  di- 
vert water  through  a  3.3-mile-long  supply  canal  into  a  potential  5,100  acre-foot 
reservoir  on  Lake  Creek  (Sec.  4,  T.  56  N.,  R.  103  W.).   A  45-foot-high  earth-fill 
dam  would  store  A, 900  acre-feet  of  irrigation  water  and  provide  150  acre-feet  of 
sediment  storage  and  50  acre-feet  of  flood-detention  storage.   The  irrigation 
storage  would  give  2,076  acres  a  supplemental  supply  and  provide  3,190  acres  of 
non-irrigated  grasslands  a  full  supply  in  an  80-percent-chance  year. 

The  cost  of  this  project  was  estimated  in  1971  to  be  $840,000  with  an  annual 
cost  of  $54,400.   The  average  annual  benefits  were  estimated  to  be  $134,320,  and 
the  resulting  benefit-cost  ratio  is  2.5  to  1.0. 

State  of  Wyoming  Office  Study 
The  Wyoming  Water  Planning  Program  investigated  three  alternative  plans  for  . 
the  Clarks  Fork.   The  most  comprehensive  plan  involved  irrigation  of  19,800  acres  • 
of  new  land  in  the  Clarks  Fork  River  Basin,  production  of  127,100  acrerfee  of 
M  &  I  water  supply  to  be  diverted  into  the  Shoshone  River,  and  the  maintenance 
of  a  sustained  flow  in  Clarks  Fork  below  the  potential  750,000-acre-foot 
Clarks  Fork  Reservoir  located  downstream  of  Clarks  Fork  Canyon.   The  streamflow 
depletion  under  this  plan  would  be  about  375,000  acre-feet  per  year  out  of 
Wyoming's  compact  allocation  of  429,000  acre-feet  per  year.   The  full  compact 
water  supply  would  not  be  developed  in  this  plan  because  of  the  commitment  of  a 
portion  of  the  water  available  at  Clarks  Fork  Dam  to  sustained  streamflow  below 
the  dam.  ,  ;■ 
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A  second  plan  considered  full  utilization  of  Wyoming vs  compact  allocation 
of  Clarks  Fork  water.   In  this  plan,  19,800  acres  of  new  land  would  be  developed 
and  a  181,600  acre-foot  per  year  M  &  I  water  supply  could  be  provided.   The  Clarks 
Fork  Reservoir  would  have  about  450,000  acre-feet  capacity.   Sustained  winter 
streamflows  below  the  Clarks  Fork  Dam  could  not  be  provided  if  the  M  &  I  water 
were  diverted  into  the  Shoshone  River. 

A  third  plan  considered  new  irrigation  only.  Approximately  19,800  acres  of 
new  land  would  be  developed  in  the  Clarks  Fork  River  Basin.   In  this  plan  as  in 
the  other  two  plans  it  was  contemplated  that  water  would  be  diverted  Into  the 
Shoshone  River  for  use  on  Polecat  Bench  and  the  Shoshone  Project' to  provide  an 
exchange  of  water  in  order  that  Shoshone  River  M  &  I  water  supply,  Irrigation,  and 
recreation  at  Buffalo  Bill  Dam  could  be  provided.  Depletions  of  Clarks  Fork  would 
be  about  238,000  acre-feet  per  year  under  this  plan. 

The  obvious  alternative  to  diverting  Clarks  Fork  water  into  Shoshone  River 
for  use  in  the  Bighorn  Basin  would  be  to  divert  Wyoming's  share  of  the  Clarks 
Fork,  along  with  other  water  at  Miles  City,  Montana,  into  the  Miles  City-Gillette 
aqueduct  proposed  by  the  USBR. 

A  description  of  the  first  plan  follows: 

This  potential  project  would  maximize  the  water  use  in  the  Shoshone  River 
and  develop  a  portion  of  Wyoming's  compact  allocation  from  the  Clarks  Fork. 
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By  diverting  water  into  the  Shoshone  River  from  the  Clarks  Fork,  potentially  irri- 
gable lands  in  the  Bighorn  Basin  could  be  developed  while  providing  a  larger 
pi-in-imnTn  pool  in  Buffalo  Bill  Reservoir  and  while  providing  a  substantial  sustained 
flow  below  the  reservoir  to  maintain  fishery  and  downstream  water  quality.  The 
project  could  include  irrigation  in  the  Clarks  Fork  Basin.  Clarks  Fork  water  used 
on  Polecat  Bench  Project  and  on  25,000  acres  presently  irrigated  from  the  Shoshone 
River  would  provide  an  exchange  for  Shoshone  River  water. 

Features  of  the  plan,  shown  on  Figure  V-2,  would  include  (a)  a  dam  on  the 
Clarks  Fork;  (b)  irrigation  of  19,800  new  acres  in  the  Clarks  Fork  Basin;  (c)  a 
diversion  into  the  Shoshone  River  Basin  to  supply  Polecat  Bench,  and  25,000  acres 
on  the  Shoshone  Project  for  exchange  of  Shoshone  River,  and  to  deliver  M  &  I 
water  to  the  Shoshone  River;  and  (d)  raising  Buffalo  Bill  Dam  to  provide  a  larger 
minimum  pool  for  recreation,  irrigation  of  existing  lands  and  Shoshone  Extension 
South,  M  &  I  water,  and  sustained  streamflow  below  the  dam  for  fishery  and  water 
quality  improvement  for  the  entire  Shoshone  River. 

A  potential  268-foot-high  earth  dam  on  Clarks  Fork  in  Sec.  14,  T.  56  N.,  R.  103  W. 
and  a  168-foot  dike  on  Lake  Creek  in  Sec.  35,  T.  57  N.,  R.  103  W.  would  provide 
750,000  acre-feet  of  storage  capacity,  185,000  acre-feet  for  a  recreation  pool  and 
a  head  for  diverting  to  the  Cyclone  Bar  area,  50,100  acre-feet  of  storage  to  provide 
a  firm  sustained  streamflow  release  into  Clarks  Fork,  1^0,500  acre-feet  for  irri-  - 
gation,  317,700  for  M  &  I  water  supply,  and  56,700  acre-feet  for  spillway  surcharge. 
The  50,100  acre-feet  of  storage  for  sustained  flows  would  provide  168  cfs  (10,000 
acre-feet  per  month)  below  Clarks  Fork  Reservoir.   The  1^0,500  acre-foot  irrigation 
pool  would  provide  a  full  irrigation  supply  for  the  4,600  acres  presently  irrigated 
below  the  reservoir,  19,200  acres  of  new  land  on  Polecat  Bench,  the  25,000  acres 
on  the  Shoshone  Project  for  exchange,  11,000  new  acres  on  Chapman  and  Kimball 
Benches,  8,800  new  acres  on  the  Cyclone  Bar,  and  provide  supplemental  water  as 
needed  to  the  5,300  acres  presently  irrigated  on  Pat  0'Hara  Creek  and  on  Cyclone 
Bar.   The  317,700-acre-foot  M  &  I  pool  would  develop  an  M  &  I  water  supply  of 
127,100  acre-feet  per  year  that  would  be  diverted  to  the  Shoshone  River.   The  M  &  I 
water  supply  would  be  increased  to  337,000  acre-feet  per  year  by  adding  Shoshone 
River  water  from  Buffalo  Bill  Reservoir. 

Irrigation  water  would  be  released  through  the  outlet  works  in  the  Lake  Creek 
Dike  to  irrigate  8,800  acres  of  new  land  on  Cyclone  Bar  and  provide  the  presently 
irrigated  lands  on  Cyclone  Bar  a  supplemental  water  supply  directly  or  by  providing 
exchange  water.   The  outlet  works  in  Clarks  Fork  Dam  would  release  water  into  the 
Clarks  Fork  River  to  provide  the  sustained  flow  on  Clarks  Fork,  M  &  I,  and  irri- 
gation and  supplemental  water  supply  for  56,200  acres  in  the  Clarks  Fork,  Shoshone, 
and  Greybull  River  Basins.   The  M  &  I  and  irrigation  water  would  be  pumped  directly 
out  of  the  Clarks  Fork  below  Paint  Creek  (Sec.  12,  T.  57  N.,.R.  103  W.). 

A  network  of  pipelines  would  provide  a  supplemental  water  supply  to  5,300  acres 
presently  irrigated  from  Pat  0'Hara  Creek,  provide  a  full  water  supply  to  11,000 
acres  on  Kimball  and  Chapman  Benches,  25,000  acres  on  the  Shoshone  Project,  and 
19,200  acres  on  Polecat  Bench,  and  deliver  a  firm  annual  M  &  I  water  supply  of 
127,100  acre-feet  to  the  Shoshone  River.   The  M  &  I  water  supply  and  the  irri- 
gation water  supply  for  the  Shoshone  Project  and  Polecat  Bench  Unit  would  be 
pumped  into  Heart  Mountain  Canal  in  Sec.  /,,  T.  55  N.,  R.  101  W. 
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The  Polecat  Bench  Dnit  would  be  developed  under  the  Bureau  of  Reclamation 
plan,  using  Clarks  Fork  as  the  source  of  water  supply  instead  of  the  Shoshone 
River.      Shoshone  River  water  could  be  used  to  develop  Polecat  Bench,  and  the 
imported  Clarks  Fork  water  could  be  used  as  a  later  exchange  in  order  to  develop 
the  Buffalo  Bill  Reservoir  M  &  I  water  and  to  provide  other  benefits.     The  18,000 
acres  on  Polecat  Bench  and  1,200  acres  in  the  Frannie  Loop  would  receive  water 
through  an  extension  of  the  Heart  Mountain  Canal.     This  could  be  accomplished  by  a 
series  of  siphons  and  a  short  tunnel.     A  small  pumping  plant  at  the  inlet  to  the 
tunnel  would  be  required  to  serve  the  potentially  irrigable  acreage  on  the  highest 
portion  of  the  bench.      The  proposed  9,900-acre-foot  Holden  Reservoir  near  the 
midpoint  of  Polecat  Bench  was  proposed  to  reregulate  the  flow  and  supply  the  lands 
in  the  lower  portion  of  the  Bench  and  the  acreage  in  Frannie  Loop. 

Exchange  water  developed  at  Clarks  Fork  Reservoir  would  be  pumped  to  the 
Heart  Mountain  Canal  to  provide  a  full-season  water  supply  for  25,000  acres  on 
the   Shoshone  Project.      The  present  canal  and  lateral  system  would  be  used  wherever 
possiblej    however,   in  some  instances  additional   supply  canals  may  be  desired  to 
more  beneficially  utilize  the  imported  water. 

The  127,100  acre-feet  of  M  &  I  water  developed  at  the  Clarks  Fork  Reservoir 
would  be  delivered  to  the  Heart  Mountain  Canal  in  conjunction  with  delivering  irri- 
gation water  to  more  fully  utilize  the  pipeline"  and  pumping  plant  capacities.      The 
basic  M  &  I  water  delivery  period  would  be  March  through  October,   except  no  M  &  I 
water  would  be  delivered  in  July  and  August  because  of  the  high  irrigation  demand 
in   those  months.      The  M  &  I  water  pumped  into  the  Heart  Mountain  Canal  would  be 
conveyed  down  Alkali  Creek  and  then  released  into  the  Shoshone  River  near  Ralston. 
Releases  from  Buffalo   Bill  Dam  would'  be  scheduled  to  provide  a  steady,  year-round 
M  &  I  water  supply  that  could  be  diverted  below  Ralston.      If  the  M  &  I  water  were 
diverted  from  Bighorn  Lake  rather  than  from  the  Shoshone  River  the  water  quality 
of  the  entire  Shoshone  River  would  be  enhanced.      The  combination  of  irrigation 
releases  and  M  &  I  water  releases  from  Buffalo  Bill  Dam  would  provide  a  sustained 
flow  Jbelow  the  dam  of  325  cfs  in  October  and  415  cfs  or  more  the  rest  of  the  year. 
Sustained  flows  in  the  Shoshone  River  below  Ralston  would  always  be  415  cfs  or  more. 

The   Clarks  Fork  water  exchanged  for  Shoshone  River  water  would  enable .an  : 
enlarged  Buffalo  Bill  Reservoir  to  serve  the  existing  Shoshone  Project  (except 
the  25,000  acres  served  by  exchange)  and  the  Shoshone  Extension  South,    to  provide 
increased  recreation  with  an  enlarged  minimum  pool  and  develop  209,900  acre-feet 
of  M  &  I  water  per  year.      The  plan  would  include  enlarging  Buffalo  Bill  Dam  by 
25  feet  and  the  reservoir  capacity  to  710,200  acre-feet.      The  reservoir  allocation 
could  include  200,000  acre-feet  minimum  pool,   442,200  acre-feet  conservation  pool, 
and  68,000  acre-feet  spillway  surcharge  capacity. 

The   Shoshone  Extension  South  would  be  developed  as  proposed  by  the  Bureau  of 
Reclamation.      The  17,300  acres  in  the  Oregon  Basin-Dry  Creek  Areas  and  on  YU  Bench 
would   be    supplied  water  directly  from  the   Shoshone   River  through   the   Shoshone  Canyon 
Conduit  and  the  proposed   Dry  Creek  and  Oregon  Basin  Feeder  Canals.      The  Oregon 
Basin  Feeder  Canal  would  supply  1,470  acres  in  the  Dry  Creek  Valley  enroute  to  the 

proposed  167,000-acre-foot  Oregon  Basin  Reservoir,   120,000  acre-feet  of  which  is 
conservation  storage,    and  the  remainder  is  fish  and  wildlife  storage.      Dry  Creek 
Canal  would  begin  at  Oregon  Basin  Reservoir  and  extend  to   the  Greybull  River. 
Dry  Creek   Canal  would   supply  water  for  4,240  acres  on  Emblem  Bench  and  in   Dry 
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Creek  Valley  and  deliver  replacement  water  to  the  Greybull  River  for  the  11,560 
acres  irrigated  on  YU  Bench  and  adjacent  benches.  The  irrigable  lands  on  the 
YD  Bench  and  adjacent  benches  would  receive  water  supplies  from  the  Greybull 
River  through  the  potential  YU  Canal. 

A  complete  analysis  of  the  costs  and  benefits  of  the  Clarks  Fork-Shoshone 
River  project  has  not  been  done.  The  modification  of  Buffalo  Bill  Dam  and  the 
associated  irrigation,  M  &  I  water  supply,  recreation,  and  hydropower  facilities 
is  under  feasibility  investigation  by  the  USER  and  up-to-date  figures  are  not 
available.  The  latest  cost  estimate  for  the  Polecat  Bench  Project  is  $30.3  mil- 
lion, and  the  ratio  of  total  benefits  to  costs  is  1.2  to  1.0. 

A  reconnaissance  estimate  of  the  Buffalo  Bill  Dam  enlargement  was  $4-. 2  mil- 
lion in  1968.  Recreation  and  hydropower-plant  costs  were  an  additional  $5.2 
million.   The  estimated  cost  of  the  Shoshone  Extension  South  was  reported  to 
be  $21,.  3  million  in  1968. 

Clarks  Fork  Dam  and  conveyance  works  from  Clarks  Fork  to  the  Shoshone  River 
were  estimated  to  cost  over  $101  million.  Additional  costs  not  estimated  would 
include  conveyance  structures  to  deliver  irrigation  water  on  Cyclone  Bar,  Pat 
O'Hara  Creek,  Chapman  Bench,  and  Kimball  Bench.   The  estimated  average  cost  of 
water  developed  for  all  purposes  is  $17  per  acre-foot  per  year.   The  feasibility 
of  the  project  would  depend  upon  how  the  costs  were  allocated  among  the  various 
project  purposes. 
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FIGURE  V-2  - 
Potential  Clarks  Fork-Shoshone  River  Development 

LEGEND 
Potential  Project  Lands 

I.  Cyclone  Bar  Area 

2. Chapman  a  Kimball  Benches 

3.  Polecat  Bench 

4.  Sage  Creek  Valley 

5.  Shoshone  Extension  South 

Presently  Irrigated  Lands 

ltd-2^1     Irrigated  Lands 

'  L3SS53     Shoshone  Project  lends  Potentially,  . 

t^^3      Supplied  By  Clarks  Fork  Water 

Potential  Project  Facilities 

— It— J>     Pipeline 

'-"O        Potential  Reservoir 
J>-      Potential  Conal 
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Applications  for  Water  Right  Permits 
Two  individuals  have  recently  filed  applications  for  storage  permits  in 
the  Clarks  Fork-Basin  with  the  State. Engineer.   The  applications  currently  in  good 
standing  are  listed  in  Tahle  1.   Copies  of  the  filing  maps  are  provided  to  the 
Clarks  Fork  study  team. 


Table  1  -  Clarks  Fork  Pending  Applications 


Temp 
Filing 

Number 


Facility 

Name 


Location 
Section 

Twnship 


Applicant     Priority       Source       Capacity     Range 


Uses 


22  1/120  Badger  Basin  Allen  0.   11/28/75   Clarks   250  cfs   22-56-103  Reservoir 


Supply  Ditch  Fordyce 


Fork 
River 


Supply 


22  2/120   Badger  Basin  Allen  0.   11/28/75   Clarks   69,267    7-57-101   Irr.,  Ind. 


Reservoir 


22  3/120   Clark 

Reservoir 


Fordyce 


Fork 
River 


ac.-f t. 


Allen  0.   11/28/75   Clarks   30,400    13-57-102   Ind.  Irr. 
Fordyce  Fork     ac.-ft. 


Fork 
River 


II.   Future  Conditions  Without  a  Plan 

In  the  absence  of  a  State  or  Federal  plan  water  resources  development  would  " 
proceed  as  needed  and  if  justified  in  the  public  interest  by  the  private  sector. 
If  the  water  rights  applications  are  to  be  pursued,  the  Governor's  Interdepartmental 
Water  Conference  will  likely  select  the  project  for  feasibility  study  under  the 
Wyoming  Water  Development  Program  Act. 

As  defined  by  the  Study  Manager,  the  "without  project"  situation  would  be  no 
water  development  in  the  Clarks  Fork  River  Basin  in  the  foreseeable  future. 
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Submitted  by  Wyoming  Water  Planning  Program 

WATER  AND  RELATED  LAND  RESOURCES 
OF  THE  BIGHORN  RIVER  BASIN,  WYOMING 

A  Summary  for  Project  Selection 

June,  1975 
(Revised  February,  1976) 

SUMMARY 

Location  and  Climate 

The  Bighorn  River  Basin  extends  southward  from  the  Wyoming-Montana  State 
line  for  a  distance  of  approximately  175  miles  and  eastward  from  Yellowstone 
National  Park  approximately  155  miles  to  the  Big  Horn  Mountains.   Average  annual 
precipitation  varies  from  over  25  inches  in  the  mountains  ringing  the  Basin  to 
less  than  7  inches  in  both  the  Wind  River  and  Bighorn  Basins.   Annual  snowfall 
averages  from  14-  to  4.0  inches  over  most  of  the  plains,  up  to  90  inches  over  the 
southern  Wind  River  plains,  and  much  higher  over  the  mountains.   The  report  area 

•includes  the  drainages  of  the  Wind-Bighorn  River,  the  Little  Bighorn  River,  and 

'the  Clarks  Fork  of  the  Yellowstone  River. 

Streamflow     .»J        i   )  '"' 

— — — — ^____ __ _     ^     l  - 

*- 

A  majority  of  streamflow  results  from  sno.wfnelt  runoff  in  the  Kay  through 
July  period  of  the  year.   Reservoir  storage, is  required  in  most  areas  to  provide 
dependable  water  supplies.   The  estimated-^streamflow  originating  in  the  Basin 
under  natural  conditions  is  about  4,237,280 /acre-feet  per  year.   Adding  the  esti- 
mated streamflow  entering  from  Montana,  *the"  average  annual  discharge  leaving 
Wyoming  would  be  4,384,620  acre-feet  per  year.   Irrigation  consumes  1,028,500  acre- 
feet  of  surface  water  in  Wyoming.  Reservoir  and  stock  pond  evaporation  consumes 
105,300  acre-feet  (excluding  Bighorn  Lake  evaporation);  2,210  acre-feet  are  con- 
sumed by  industry,  and  2,710  acre-feet  by  municipal  and  domestic  uses.   The  total 
consumptive  use  is  about  1,138,720  acre-feet,  and  the  annual  depleted  streamflow 
leaving  Wyoming  is  3,2/+5,900  acre-feet  per  year.   In  the  1948-1968  period,  recorded 
streamflows  near  the  State  line  varied  from  52  percent  to  I48  percent  of  average. 
Seventy-five  percent  of  the  streamflow  is  in  the  Bighorn  River,  4  percent  is  in 
the  Little  Bighorn  River,  and  21  percent  is  in  the  Clarks  Fork.   Table  1  gives 
average  annual  streamflows  and  water  uses  in  the  basin.  Figure  I  shows  the 
average  annual  streamflows  of  major  streams  in  the  Bighorn  River  Easin. 

Damaging  floods*  have  occurred  on  many  streams  of  the  Basin.  Flood  damage 
generally  is  restricted  to  agricultural  developments  and  machinery,  roads,  railroad 
crossings,  wildlife  habitat,  and  farm  buildings  and  urban  developments  on  the 
floodplain. 

Water  Quality 

Generally  the  quality  of    interstate  waters   in   the   Basin  is  within  the  limits 
of   established  standards.      An   informal  cooperative  program  of  i.cal  and  chemical 

monitoring  h'=s  been  carried  out  ri^co  the  inception  of  "..'„.>  Log's  water  pollution 
C' ..trol  pri;;-i*«m  in  '956.  The  agencies  ;  /ol/ed  are  the  V.'y  '  :  ;'<  be  faigliioer '  s 
Office,    the  Wyoming  C^me  ?.;nd   Fish   Cc>ii-nLs:;i    n,    the   Staf   ■  nt   of   Agriculture, 

the  mate    f  part-.. ;nt  of  Erivrr^nmonlal  Qu.-Oity,    .-Mid    ".he   i/.S.   Geological  Survey. 
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Coku'atert    by   Side  of    Wyoming 
from  USGS    Rccotdi. 
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62075 

Clark!    Fork  Yallo-ttoneR. 
at  Chonce.Mont 
1663,600 
Z    107 


6-2862  g 

Shoahon*  R  ol  Kona 
I  B47.60O 
695 


6-2851 
Shoshona  R  nr  Low 
I  775,000 
.2.    465 


6-2820 

Sr.O*)>or,»    R    bal  t 
Buffalo   Bill     Raj 
I  811,500 
'2.    225 


6-2775 

Grijbuil  R  nr  B01 
112  3.700 
^  625 


MONTANA 


WYOMING 


6-2795 
Bighorn  R  ol  Kana 
11.5^6^)00 
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2.       520 


6-27909 
Shall  Cr  nr   Graybull 
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Creit 
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Most  of  the  communities  in  the  basin  will  be  required  to  upgrade  their 
current  discharge  treatment  to  comply  with  Federal  definitions  of  best  practi- 
cal treatment.   The  upgrading  is  being  carried  out  through  the  construction 
grants  program  administered  by  the  Department  of  Environmental  Quality. 

All  municipal  and  industrial  discharges  are  now  under  permits  that  specify 
what  they  can  discharge  now  and  what  limits  on  discharges  must  be  met  by41977. 
They  are  also  on  compliance  schedules  to  determine  what  steps  are  to  be  taken 
to  meet  the  1977  discharge  standards. 

Only  minor  pollution  problems  related  to  oil  fields  exist  at  this  time;  the 
water  from  oil  wells  many  times  is  the  only  water  available  for  livestock  and 
wildlife.   Oil  spills  and  pipeline  breaks  have  occasionally  caused  pollution 
problems,  but  the  Contingency  Plan  for  Spills  of  Oil  and  Other  Hazardous  Materials 
has  effectively  reduced  these  problems. 

The  specific  contribution  by  agriculture  to  water  pollution  is  not  known. 
Guidelines  for  the  control  of  pollution  from  livestock  feedlots  have  been  de- 
veloped by  the  Department  of  Environmental  Quality,  Agricultural  Extension  Ser- 
vice, and  State  Department  of  Agriculture.   Feedlot  operations  of  1,000  head  or 
greater  must  have  discharge  permits  for  the  operations.   Smaller  feedlots  are  not 
required  to  have  a  permit  at  present;  however,  they  are  not  allowed  to  pollute. 

Figure  I  shows  the  total  dissolved  solids  in  ppm  of  major  streams  in  the 
Bighorn  River  Basin. 

An  extensive  program  of  education  in  regard  to  proper  irrigation  practices 
is  being  carried  on  in  the  State  through  the  University  Extension  Service,  Farm 
Bureau,  Irrigation  Districts,  and  Soil  and  Uater  Conservation  Districts.   Improved 
irrigation  practices  should  reduce  the  effects  of  irrigation  on  stream  salinity, 
turbidity,  and  sedimentation.   The  State  and  the  U.  S.  Bureau  of  Reclamation  are 
investigating  irrigation  efficiencies  and  related  water  quality  on  ditches  that 
irrigate  300  acres  or  more. 

A  large  natural  source  of  salinity  exists  in  the  Basin.   The  many  hot  springs 
in  the  Therraopolis  area  flow  mineralized  water  having  3,500  ppm  TDS,  and  account 
for  approximately  20  percent  of  the  average  annual  pickup  in  salt  load  between 
Eoysen  Reservoir  and  the  K  Te  gaging  station. 

Water  Rights 

Provisions  of  the  Wyoming  Constitution  allow  the  appropriation  of  water  for 
beneficial  uses  and  establish  the  Office  of  the  State  Engineer  and  the  Board  of 
Control  to  'upervise  such  appropriations.   State  Statutes  establish  procedures 
for  the  appropriation  of  water.   Priority  of  appropriation  .  .  .  "first  in  time 
is  first  in  right"  .  .  .  is  the  basis  for  Wyoming  water  1  .v.T. 

[irrigated  l.-r-'.s  in  the  !'  sin  total  542, "90  acres.   There  are  962,350  acres 
r  th  i.iUtr  rights  Ln  good  .•  i  !  r\  i  ng. 

The  "  ■  ■  !  •'.-•tor  r:g!ii.s  doctrine",  or  the  "Winters  Doctrine,  could  af- 
r<  f.t  '•  ;:■•:;;  ;  i':_.  1 :.' p  '•  .it  in  t'  '-•  "■  ■  :".  lie  fi  uadation  of  the  reserva- 
tion ''cv :i.r ;  nil  ',  :i    ;.]  e.  L  ■'>.  L   ■  ■  '■  y   el    o  ■  iT  :  '  ••  L:  i  i.«.d  Si:  a  tes  Coi-sti.  tut  ion.   The 

:;.~  i  [ \ -:ii  ••••..;.'.  '      :  "f.F.    ;_'•''  '  . .  d  Si  -vtcs,  by  trnaty,  act  of 

Co;  ,.;j'i  •■:,  or       :  .-   ■  '  <  ,    i         i  po.>  tU'ii  ol  i  '•;■  public  domain  for  a  Federal 
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K        purpose  which  will  ultimately  require  water,  and  if  at  the  same  time  the  govern- 
'^    merit  intends  to  reserve  unappropriated  water  for  that  purpose,  then  sufficient 
water  to  fulfill  that  purpose  is  reserved  from  appropriation  by  private  users. 
The  effect  of  the  doctrine  is  twofold:   (1)  when  the  water  is  eventually  put  to 
use,  the  right  of  the  United  States  will  be  superior  to  private  rights  in  the 
source  of  water  acquired  after  the  date  of  the  reservation;  hence  such  private 
rights  may  be  impaired  or  destroyed  without  compensation  by  exercise  of  the 
reserved  right,  and  (2)  the  Federal  use  is  not  subject  to  state  laws  regulating 
appropriation  and  use  of  water".  (From:  Trelease,  Frank  J.,  1972,  Federal- 
State  Relations  in  Water  Law,  Prepared  for  the  National  Water  Commission, 
National  Technical  Information  Service,  Springfield,  Virginia.) 

It  is  evident  that  a  new  water  user  under  the  reservation  doctrine  could 
take  water  without  compensation  from  an  appropriator  with  a  priority  under  State 
law  established  subsequent  to  the  reservation.  Federal  claims  to  ill-defined 
rights  to  use  water  would  also  be  a  deterrent  to  further  non-Federal  development. 

Federal  legislation  has  been  proposed  which  would  require  Federal  recognition 
t  of  state  water  laws.   A  recent  proposal  calls  for  a  "National  Water  Rights 
Procedures  Act"  to  foster  a  cooperative  spirit  between  the  states  and  the. Federal 
government.   The  Act  would  promote  a  policy  of  recognizing  and  utilizing  the  laws 
of  the  states  relating  to  creation,  administration,  and  protection  of  water  rights, 
(1)  by  establishing,  recording,  and  quantifying  Federal  water  rights  in  conformity 
with  such  state  la\js  as  are  consistent  with  and  appropriate  to  the  Federal  pur- 
poses, (2)  by  protecting  and  preserving  vested  water  rights  held  under  state  law 
through  the  elimination  of  the  no  compensation  features  of  the  reservation 
doctrine  and  the  navigation  servitude,  and  (3)  by  providing  new  Federal  procedures 
for  the  condemnation  of  water  rights  and  the  settlement  of  legal  disputes.   A  most 
important  feature  of  the  proposal  is  the  payment  of  compensation  to  holders  of 
rights  junior  to  a  reservation  who  are  injured  by  a  Federal  reserved  water  use. 

Federal  reservations  in  the  Bighorn  River  Basin  of  Wyoming  are  the  Wind  River 
Indian  Reservation  (1868),  the  Shoshone  National  Forest  (1891),  and  the  Bighorn 
National  Forest  (1897).   In  Montana  there  are  the  Crow  Indian  Reservation  (1868) 
and  the  Custer  National  Forest  (1907).   The  Indian  reservations  and  national 
forests  predate  most  of  the  water  rights  in  the  Basin.   Water  uses  in  national 
forests  are  assumed  not  to  expand  beyond  existing  types  of  recreational  uses. 
Indian  water  uses  are  considered  in  the  same  manner  as  other  uses  insofar  as 
projections  and  planning  are  concerned.  Future  new  Indian  water  uses  are  assumed 
to  be  a  part  of  the  compact  allocation  of  the  state  in  which  the  uses  are  made. 

Federal  and  Indian  water  right  suits  presently  pending  in  Federal  court  at 
Hillings,  Montana,  could  adversely  affect  Wyoming  water  rights  holders.   These 
:  its  involve  the  Big  Horn  River,  Little  Big  Horn  River,  and  Yellowtail  Reservoir. 
The  State  is  prepared  to  intervene  in  these  suits  if  the  need  arises;  however, 
:tana  has  requested  that  Wyoming  not  intervene  at  this  time  because  Wyoming 
rvention  would  force  the  case  into  the  Federal  courts. 

Mop.afully,  the  resolution  of  the  suits  will  result  in  quantification  of  • 
!'■:•  loral  ■■.  id  Indian  water  rights. 

T-'-ble  2  lists  the  major  reservoirs  for  which  either  an  application  for  a 
p..;ij;ii.t  '  ::  boon  filed  wii.h  the  Stale  Engineer,  or  for  which  a  permit  has  been 
granted.   The  location  of  thane  filj  >rn   en  Figure  IT. 
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Interstate  Compacts 

The  Yellowstone  River  Compact  provides  a  basis  for  dividing  the  water  of 
the  Yellowstone  River  between  the  states  of  Wyoming,  Montana,  and  North  Dakota. 
Article  V  of  the  compact  provides  for  a  division  of  water  among  the  states. 
All  water  rights  existing  as  of  January  1,  1950,  are  recognized.   Of  the  unused 
and  unappropriated  waters  of  the  interstate  tributaries  of  the  Yellowstone 
River,  each  state  is  allocated  sufficient  water  to  provide  supplemental  water 
supplies  to  all  rights  existing  as  of  January  1,  1950.   The  remaining  unused  and 
unappropriated  water  is  allocated  to  Wyoming  and  Montana  as  follows: 


ClarksForkof  the  Yellowstone  River:  Wyoming  60$;  Montana  ^0% 

Bighorn  River  (exclusive  of  the  Little  Bighorn  River):  Wyoming  80%;   Montana  20$ 

Tongue  River:  Wyoming  A-0%;   Montana  60$ 

Powder  River  (including  the  Little  Powder  River):  Wyoming  4-2$;  Montana  58% 

Two  other  salient  provisions  are:  Article  VI,  which  provides  that  the  compact 
shall  not  adversely  affect  "any  rights  to  the  use  of  the  waters  of  Yellowstone 
River  arid  its  tributaries  owned  by  or  for  Indians,  Indian  tribes,  and  their  reser- 
vations"; and  Article  X,  which  provides  that,  "No  water  shall  be  diverted  from  the 
Yellowstone  River  Basin  without  the  unanimous  consent  of  all  signatory  States". 

Available  Water  Resources 

The  amount  of  water  available  for  use  in  Wyoming  was  estimated  for  the 
Bighorn  River  and  Clarks  Fork  under  the  allocations  of  the  Yellowstone  River 
Compact,  and  for  the  Little  Bighorn  River  which  is  not  allocated  by  an  interstate 
stream  compact.   Stream-gage  records  at  compact  gages  were  adjusted  for  the 
effects  of  full  use  of  pre-1950  water  rights  to  estimate  the  unused  and  unappro- 
priated water.   Then  supplemental  water  supplies  were  estimated,  and  the  remaining 
unused  and  unappropriated  water  apportioned  between  Wyoming  and  Montana. 

Apportionment  of  Bighorn  River  water  was  calculated  by: 

1.  Correcting  the  recorded  194-8-1968  streamflows  at  Bighorn,  Montana,  for 
developments  that  affected  streamflow  for  only  a  portion  of  the  study  period  such 
as  the  filling  of  Boysen  Reservoir  and  Bighorn  Lake. 

2.  Deducting  uses  of  prc-1950  water  rights  that  have  not  yet  materialized, 
such  as  the  Riverton  Project  extens.i  ons  and  scattered  small  irrigation  developments, 
and  industrial  use  of  Boysen  Reservoir  water.   The  total  unused  and  unappropriated 
water  was  determined  to  average  2.2  to  2.4-  million  acre-feet  per  year. 

3.  Deducting  depletions  from  potential  supplemental  water  supplies  for  pre- 

■  '- ,0   rights.   Suj.plei:  atal  irrigation  r;  pletions  vary,  by  estimate,  from  67,700  to 
v3,S00  acre-feet  per  .,   r.   The  ruaaioing  unused  and  unappropriated  water  is  2.1  to 
2.3  million  acrc-fcet  per  year.   Wyoming's  80  percent  allocation  is  about  1.8 
-i n  "!  ion  acre-feet  per  year. 
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Additional  reservoir  capacity  is  required  for  Wyoming  to  use  her  full  com- 
pact apportionment  on  a  firm  basis.  Bighorn  Lake  could  provide  a  part  of  the 
water  supply  regulation. 

The  estimated  average  depletable  unused  and  unappropriated  water  in  the  Clarks 
Fork  drainage  is  714,000  acre-feet  per  year.   Wyoming's  60  percent  share  is 
4-29,000  acre-feet.   Storage  is  required  to  develop  Wyoming's  annual  compact  share. 
During  a  drought  period  such  as  I960,  Wyoming's  compact  uses  without  reservoir 
storage  would  be  limited  to  295,600  acre-feet,  which  is  about  70  percent  of  the 
average  compact  allocation. 

The  Little  Bighorn  River  and  its  tributaries  are  excluded  from  the  Yellowstone 
River  Compact.   Wyoming's  development  of  these  supplies  is  limited  to  the  depend- 
able water  supply  in  Wyoming  over  and  above  existing  uses.   The  average  streamflow 
leaving  Wyoming  from  the  Little  Bighorn  River  and  its  tributaries  is  estimated  to 
be  133,900  acre-feet  per  year. 

Groundwater 

i-  i 

The  greatest  well  yields  are  reported  from  the  Flathead  Formation,  the  Madison 
Limestone,  the  Tensleep  Sandstone,  and  the  Wind  River  Formation.   It  is  estimated 
that  as  much  as  928,000  acre-feet  of  groundwater  are  available  from  wells  from  the 
unconsolidated  alluvium  in  the  report  area.   By  major  study  area  this  is: 


Study  Area 

Wind  River 
Bighorn  River 
Clarks  Fork 
Little  Bighorn  River 

Total 


Acre-Feet  Groundwater 
Available  to  Wells 

330,000 

570,000 

28,000 


928,000 


An  enormous  quantity  of  water  is  available  in  shallow  underground  storage 
in  bedrock  (within  1,000  feet  of  the  surface).   It  is  estimated  that  85,000,000 
acre-feet  of  groundwater  is  available  from  the  uppcz-most  1,000  feet  of  Tertiary 
Formations  in  the  report  area. 

Water  quality  generally  is  better  near  the  outcrop  (recharge)  areas  and 
deteriorates  towards  the  centers  of  the  geologic  basins.   Sulfate  is  a  cordon 
constituent  in  groundwater  in  much  of  the  entire  report  area.  Relatively  high  TDS 
concentrations  are  also  common.  Occurrences  of  selenium  arc  reported  in  the  Gas 
Hills  Uranium  District. 


Groundwater  is  used  for  domestic,  livestock,  municipal,  industrial,  irriga- 
n,  and  other  uses.   An  estimated  4,000-5,000  acre-feet  of  groundwater  are  con- 


r.cd      'ly  by  domestic  and  livestock  uses.   The  total  p; 
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Industry  uses  a  large  quantity  of  groundwater.  The  petroleum  industry  injects 
about  30,000  acre-feet  of  groundwater  annually  into  oil-bearing  formations  to  pro- 
duce oil  by  secondary  recovery  methods.   The  injected  water  is  considered  to  be 
consumed.   The  uranium  industry  consumes  about  1,000  acre-feet  anually  in  the 
milling  process. 

Approximately  6,14.0  acres  of  irrigated  land  in  the  report  area  used  ground- 
water as  the  original  supply  in  1970.  An  estimated  9,800  acrerfeet  of  groundwater 
were  consumed  in  this  use,  and  an  additional  3,000  acre-feet  were  consumed  as 
supplemental  supplies. 

An  estimated  16,800  acre-feet  of  groundwater  issuing  from  springs  near  the 
towns  of  Cody  and  Tensleep  support  fish  hatcheries  in  the  Basin. 

The  industrial  use  of  groundwater  in  the  uranium  sector  is  projected  to 
increase  15-fold  (to  15,000  acre-feet)  by  the  year  2000.   Use  by  the  petroleum 
industry  is  projected  to  decrease.   The  total  amount  of  groundwater  consumptively 
used  annually  by  industry  in  the  year  2000  is  projected  to  be  about  24-, 800  acre- 
feet.   It  is  estimated  that  about  500  acres  of  new  land  will  be  irrigated  annually 
,  with  groundwater,  and  that  there  will  be  a  total  of  21,000  acres  of  land  in  the 
Basin  irrigated  with  groundwater  as  the  original  supply  by  the  year  2000.   It  is 
conceivable  that  geothermal  steam,  or  very  hot  thermal  springs,  may  be  discovered 
and  may  be  utilized  to  produce  electricity,  with  potable  water  as  a  byproduct. 

Agriculture 

Agriculture  is  an  expanding  industry  in  the  Basin  as  the  result  of  conserva- 
tion programs,  irroroved  technology,  and  the  use  of  feed  additives,  fertilizers, 
pesticides,  and  modern  farm  machinery.   In  1973  there  were  about  1,200  acres  of 
dryland  hay  in  the  Basin.   There  are  a  total  of  542,890  acres  of  irrigated  land, 
of  which  27,795  acres  are  classed  as  idle.   The  agricultural  enterprises  with  the 
greatest  potential  for  future  expansion  are  livestock  production,  mainly  beef,  and 
the  feed  grains  and  forage  crops  needed  to  support  the  livestock  industry.   Pro-  . 
jected  national  needs  indicate  no  additional  lamb  and  mutton  production  by  1980. 
An  increase  in  lamb  and  mutton  production  by  the  year  2020  is  projected.   National 
beef  and  veal  production  is  projected  to  Increase  by  about  3  42  percent  by  2020. 

Historical  trends  and  V.Ty<  :.-ming's  share  of  national  production  are  the  basis 

for  projecting  changes  in  land  use  and  crop  distribution.   Irrigated  acreage  is 

projected  to  increase  from  542,890  acres  at  present  to  675,500  acres  by  2020.   The 
number  of  potentially  irrigable  acres  in  the  Basin  is  875,674. 

Most  of  the  water  presently  used  in  the  Basin  is  for  irrigation.   The  consump- 
tive use  of  irrigation  water  is  about  1,034,300  acre-feet  per  year.   This  is  pro- 
jected to  increase  to  1,398,000  acre-feet  by  2020.   The  increased  water  uses  would 
i  :clude  supplr.r.wital  supplies  for  presently  water  short  lands  and  uses  on  new 

Pel 

The  petroleum    i  '    /  provides  a   significant   payroll    In  KTyoming  and  provides 

ijor   ta>    1     :•  •   for    (".ho  State.      The  i'  '    .  '  > ,,      {.:    L-eatly  has  a   finite  limit  of 


resources  and  is  projected  to  decline.   In  1967  the  industry  consumed  26,900  acre- 
feet  of  water  in  the  report  area.   Water  uses  are  projected  to  decline  by  1980. 

Uranium  • 

Approximately  77  percent  of  the  uranium  ore  mined  in  Wyoming  comes  from 
open-pit  mines.   Wyoming  ranks  first  in  the  United  States  in  tons  of  ore  reserves 
and  second  in  tons  mined  per  year.   In  1967  the  Gas  Hills  Uranium  District 
accounted  for  about  40  percent  of  Wyoming's  total  uranium  production.   The  industry 
consumed  almost  1,000  acre-feet  of  water  in  1967  and  is  expected  to  consume  15,000 
acre-feet  per  year  by  2000.  Groundwater  sources  probably  will  supply  all  the 
water  needed. 

Coal 

At  present  the  coal  industry  is  a  minor  part  of  the  Basin's  mineral  industries. 
Although  most  of  the  growth  of  Wyoming's  coal  industry  will  occur  in  other  areas 
of  the  State  due  to  larger  and  more  readily  available  reserves,  some  growth  will 
, occur  in  the  Basin.   The  two  steam  electric  plants  projected  for  the  Basin  will 
require  an  estimated  30,000  acre-feet  of  water  per  year  by  2000. 

Nonfuel  Minerals  and  Timber 

Gypsum,  bentonite,  phosphate,  and  copper  are  now  or  are  projected  to  become 
economically  important  in  the  Basin.   The  development  of  these  minerals  and  timber 
will  require  minor  amounts  of  water. 

Muni cipal,  Domestic,  and  Stock  Water 

Nearly  98  percent  of  the  people  (4-3,273  persons)  residing  in  towns  in  the 
Basin  have  municipal  water  systems.   The  other  2  percent  (980  persons)  use  private 
systems.   About  61  percent  of  the  people  (27,110  persons)  in  towns  use  surface 
water,  and  39  percent  (17,143  persons)  use  groundwater.  Water  requirements  for 
IE1  nicipal,  domestic,  and  stock  uses  are: 


1970 


1980 


2000 


2020 


Basin  Population 

Municipal  and  Domestic 

Diversion,  A-F/Year 
Consumption,  A-F/Year 

Stock  Water  Depletion,  A-F/Ycar 

Total  Depletion,  A-F/Year 


68,427  84,100  127,300  175,300 

13,700  16,800  25,500  35,100 

6,900  8,400  12,700  17,500 

_6jAQ0  6,900   8,400  9,900 

13,300  15,300  21,100  27,400 


Recreation  -.nd  Fish  and  Wildlife 


Outdoor  recreation,  including 
"  i  -JL-tr, ace  in  the  Basin.   The  largest  fishing  pressure,  in  terras  of  fisherman 
days,  occurs  on  the  lowland  reservoirs  .   :h  as  ooyson  Reservoir,  Bighorn  Lake 
( Yellovta.il  Reservoir),  Buffalo  Bill      voir,  and  Ocean  Like.   The  second  most 
vopular  ly'i'o   of  fishing  in  the  Basin  vs  i  ' ..■  ■  >  i.'i;?L'ing,  followed  in  order  by 
alpine  l-V^es,  alpine  reservoirs,  u-.jut 
;s,  '.md  iitlxnd  farm  ■.  uuds. 


Lsning  and  hunting,  is  of  increasing  economic 


i  j  Lids,  lowland  lakes,  nontrout  farm 
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The  level  of  fishing  in  Wyoming  is  projected  to  increase  28  percent  from 
1967  to  1985.   Stream  fisheries  in  the  Basin  could  support  3  times  the  fishing 
pressure  they  presently  receive  without  necessitating  management  changes.  Lou- 
land  reservoirs  could  support  nearly  1+   times  the  present  pressure.   Alpine  lakes 
and  reservoirs  could  support  U- 3  to  U. 8  times  the  present  pressure.   The  demand 
for  hunting  opportunities  in  the  Basin  is  expected  to  increase  substantially 
during  the  next  30  years. 

The  Wyoming  position  regarding  scenic  rivers  is  given  in  An  Outdoor 
Recreation  Plan  for  Wyoming,  October,  1970:   "The  State  of  Wyoming  has  taken  the 
position  that  it  is  the  State's  responsibility  to  administer  the  rivers  within  its 
boundaries,  and  that  development  of  scenic  rivers  programs  and  other  similar  pro- 
grams affecting  the  water  of  Wyoming  should  be  under  jurisdiction  of  the  State'.'. 
"ho  Shoshone,  Wind,  and  Upper  Popo  Agie  Rivers  were  suggested  (1970)  in  the  State 

creation  Plan  for  designation  as  scenic  rivers,  and  a  portion  of  the  Clarks 
Fi  rk  has  since  been  proposed  for  such  designation.   The  reach  of  the  Clarks  Fork 
from  the  Crandall  Creek  Bridge  downstream  to  the  canyon  has  recently  been  identi- 
fied for  study  under  Section  5(d)  of  the  Federal  Wild  and  Scenic  Rivers  Act. 

The  present  consumptive  uses  assigned  directly  to  recreation  and  fish  and 
wildlife  activities  are  small.  Recreation  uses  are  largely  nonconsumptive, 
although  some  stock  pond  evaporation  could  probably  be  assigned  to  wildlife  use. 

Flood  Control 

Bighorn  Lake  has  250,000  acre-feet  of  storage  allocated  to  joint  use  which 
includes  flood  control.   Boy.^en  Reservoir  is  operated  to  use  150,000  acre-feet  of 
storage  as  a  joint  use  including  flood  control.   The  water  right  records  of  only 
two  reservoirs  in  the  Basin,  Bighorn  Lake  and  Tensleep  Reservoir,  list  flood 
control  as  a  use. 

Projects  have  been  completed  to  alleviate  flooding  in  the  towns  of  Thermopolis. 
and  Greybull.   Lander  has  reduced  flood  damages  by  improving  urban  drainage  and 
maintaining  levees.  Programs  have  been  proposed  to  alleviate  flooding  elsewhere 
in  the  Basin. 

'I/jItS1  °Jj2  c  t_T  ic__Pp  w  er 

The  electrical  cner.-y  requirements  of  the  Basin'  are  supplied  by  interconnected 
power  .systems  with  the  power  being  supplied  by  five  Federally  operated  hydro- 
electric plants.   The  combined  generating  capacity  of  the  five  plants  is  277,200 
kilowatts.   If  the  largo  increase  projected  for  thermal  power  is  actually  realized, 
additional  hydropower  developments  that  may  be  desired  for  peaking  power  could 
include  the  existing  Buffalo   Bill  Reservoir  in  the  report  area  and  the  proposed 
Sheep  V_j\   .tain  D--t  above  Buffalo  '.ill  Reservoir.   Another  potential  hydroelectric 
r.ni.t  "'v /<;•.-; i.i  gated  by  the  'dirt  is  the  Peartooth  Unit,  which  would  include  three 
r.'.'TO:  .--ni.rs  en  '.ho   I'win  stvm  of  the  C.iarks  Fork,  one  reservoir  on  Sunlight  Creek, 
-d    'a  power  pi: '.at a  ;-V|d  related  f>.'-.ci].lt""'.es.   A  ;.Vird  project  proposal  is  to 
u  i'alo  '  ill  Rn re 7  voir  ;  .-d  replace  the  :  :■  istl/ig       ne  Power  Plant. 


-  .  i 


55 


Summary  of  Water  Resource  Requirements 

A  summary  of  present  and  projected  consumptive  vater  uses,  including  both 
surface  water  and  groundwater,  follows: 

Thousand  Acre-Feet/Year 


Water  Uses 

Present 

1980 

2000 

2020 

Irrigation 

1,034 

1,160 

1,302 

1,398 

Industrial 

29 

30 

56 

47 

Municipal, 

Domestic, 

and  Stock 

14 

15 

21 

27 

Total  1,077      1,205     1,379   1,472 

Reservoir  and  stock  pond  evaporation  consumes  an  additional  105,300  acre- 
feet  per  year,  excluding  evaporation  from  Bighorn  Lake  (Yellowtail  Reservoir). 
If  Wyoming  makes  use  of  water  from  this  reservoir,  a  portion  of  its  evaporation 
might  be  included  In  Wyoming's  allocation  under  terms  of  the  Yellowstone  River 
Compact . 

Water  is  available  in  the  Basin  to  meet  future  water  needs.   There  are 
places  in  the  Basin,  however,  where  locally  available  water  supplies  are  in- 
sufficient to  meet  even  the  present  needs.   If  a  full  water  supply  is  to  be  pro- 
vided to  all  present  uses,  water  will  have  to  be  conveyed  from  places  of  surplus 
in  the  Basin  to  places  of  need.   Boysen  Reservoir,  Bighorn  Lake,  and  other 
reservoirs  constructed  in  the  Basin  could  provide  dependable  water  supplies  from 
water  surplus  to  the  needs  of  the  Basin  for  use  in  other  areas  of  the  State. 

Potential  Surface  Water  Projects 

Potential  surface  water  projects  have  been  identified  by  many  individuals 
and  agencies  including  the  Bureau  of  Reclamation,  Bureau  of  Indian  Affairs,  and 
the  Soil  Conservation  Service  (and  other  USDA  agencies).   The  US.DA  has  conducted 
a  river  basin  survey  to  assist  in  identifying  potential  conservation  measures 
and  projects.   Data  from  these  studies  and  additional  State  studies  were  used  to 
identify  potentials  for  providing  supplemental  water  supplies  and  for  formulating 
alternatives  for  meeting  future  water  needs. 

Study  Area  1  —  Wind  River 

Several  agencies  have  identified  potential  irrigation  projects  that  could 
:.  elude  over  200,000  acres  of  new  land.  On  the  basis  of  water  supply  studies. 
't  Is  ■  i eluded  that  the  water  supply  is  adequate  for  existing  irrigation  and 
Tupplu. ii6ntal  water,  and  for  68,500  ;  •  •■  s  of  new  irrigation.   The  development 
■'■^ht  occur  in  a  co  ]  "  ition  of  several  irrigation  projects  that  have  been,  iden- 
tified:  Crow  Creek,  Braver  Creek,  B-idwater  Creek,  Little  Wind  River  Unit, 

cton  Project  "  '    lun  (or  the  Kid vale  Frojeet),  North  and  South  Orowheart 
i '"••.' its ,   I'Tjhost-Fsr  I'-nt,  Cuolidge  :'       >,  ■<  .  ■!  I]   '  no  Unit. 


', 


Boysen  Reservoir  is  strategically  located  to  provide  water  supplies  for 
uses  downstream  and  adjacent  to  the  reservoir,  and/or  in  demand  areas  to  the 
east  of  the  Wind  River  Basin.   The  amount  of  water  available  depends  upon  the 
amount  of  future  upstream  development,  the  amount  of  downstream  irrigation  de- 
velopment, and  level  of  sustained  streamflows  to  be  maintained  in  the  Wind  River 
Canyon.   Considering  these  factors,  the  water  supply  available  is  between 
124,000  and  268,000  acre-feet  per  year. 

There  are  no  legal  provisions  under  existing  Wyoming  water  law  which 
require  a  minimum  flow  below  a  dam.   Although  hydropower  releases  currently 
provide  a  sustained  flow  below  Boysen  Cam,  these  releases  would  not  necessarily 
continue  if  the  water  is  committed  to  beneficial  consumptive  uses.   Storage 
water  could  be  provided  for  the  sustained  streamflow  if  the  cost  of  providing 
the  storage  capacity  is  repaid. 

Indian  claims  to  water  have  caused  the  Secretary  of  Interior  to  "go  slow" 
in  contracting  for  water  supplies  from  Boysen  Reservoir.   The  unquantified 
Indian  claims  create  uncertainties  in  considering  new  water  developments. 

Study  Area  2  —  Bighorn  River 

Ths  SCS  has  identified  64-2,811  acres  of  potentially  irrigable  land  in 
Study  Area  2.   The  limiting  factor  in  developing  these  lands  is  a  dependable 
water  supply.  Potential  irrigation  projects  identified  in  Study  Area  2  include 
the  Nowood  Watershed  Project,  Gooseberry  Watershed  Project,  Greybull  Watershed 
Project,  Shell  Creek,  Sage  Creek,  additional  Shoshone  River  irrigation — Polecat 
Bench  Project  and  Shoshone  Project  Extension  South,  and  Bighorn  River  potentials — 
Bighorn  Unit,  Greybull  Flats,  Schuster  Flats,  Banjo  Flats,  and  other  small  tract 
units.   Buffalo  Bill  Dam  on  the  Shoshone  River  can  be  enlarged  to  provide  water 
for  combinations  of  uses  including  irrigation,  M&I  water  supply,  recreation, 
fish  and  wildlife,  water  quality  control,  and  hydropower.   CI arks  Fork  water 
could  be  imported  to  the  Shoshone  River  to  increase  the  M&I  water  supply  and  pro- 
vide associated  recreation,  fish  and  wildlife,  and  water  quality  control  benefits. 

M&I  water  supplies  <  in  be  physically  provided  from  Bighorn  Lake  and  can  be 
diverted  from  the  lake  ( Y-jlloutail  Reservoir)  or  from  Bighorn  River  below  Yellow- 
tail  Dam,  or  even  farther  downstream,  from  the  Yellowstone  River.   The  M&I  water 
supply  available  from  Bighorn  Lake  depends  upon  the  amount  of  consumptive  uses 
upstream  from  the  reservoir,  the  amount  of  operating- capacity  used  at  Bighorn 
lake,  find  the  amount  of  water  rolcascd  for  other  purposes.   The  Wyoming  Water 
PI-  nnlrg  Program  estimated  the  range  of  available  M&I  water  in  the  Bighorn  Lake 
to  be  b-jtween  6/8,000  and  1,002,000  acre-feet  per  year.   It  was  further  estimated 
that  annual  M&I  water  supplies  of  217,000  acre  feet  at  Boysen  and  672,000  acre- 
feet  at  Bighorn  Lake,  or  a  combined  supply  of  889,000  acre-feet,  would  be  avail- 
able.  Constructing  additi  nal  storage  at  Buffalo  Bill  Cam,  or  on  the  Nowood  River 
or  at  other  sites,  c  uld  i  .crease  the  total  available  water  supply. 

2  U.  S.  r.H'-.-.u  of  Racl.'    '  m   ■  •  co.-.'h?': ted  voc<    issance  investigations 
of  alt   'V.vtivc  pipe!  tnos  to  cenviv  t!  ;  Mil  :.    I  n-    i.uto  the  Southeastern  Montana- 
'.'■■f '•"'■.-    .-tarn  ::,aia;  coal  fieV.s.   The  BSI'R  has  also  created  a  water  marketing 
;<  ;r.   fox-  "r'M  water  through  opt  a  1  <■■      tracts  for  365,000  acre-feet  per  year  of 
Mil  -    r  for  a:.j  in  Wy.-'Mng  and  ?5'a''  ':    'c -f  ufc  per  %     u-  ">n   Montana  from 
'■'.   MI'-.M  '1  r  :o..  Th?     .'t'v.-.rity  of  M  •    i    ■',,  ,  •\\   ,-  :-[  a  ■<  •  r  has  byen   questioned. 
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The  Environmental  Defense  Fund  has  filed  suit  in  Federal  District  Court 
seeking  to  enjoin  the  USER  from  M&I  water  sales.  In  Wyoming,  the  suit  would 
affect  the  water  marketing  from  Boy sen  and  Yellowtail  Dams. 

Study  Area  3  —  Little  Bighorn  River 

There  is  no  interstate  agreement  between  Wyoming  and  Montana  dividing  the 
use  of  water  in  the  Little  Bighorn  River.   After  providing  for  Montana  irrigation, 
it  appears  that  a  50,000-acre-foot-per-year  water  supply  could  be  developed  with 
a  storage  capacity  of  50,000  acre-feet  in  Wyoming  constructed  on  the  Little  Big- 
horn River  near  the  State  line. 

Study  Area  U   —  Clark s  Fork 

The  Bureau  of  Reclamation  identified  the  potential  Beartooth  hydropower 
project  on  Clarks  Fork,  and  an  irrigation  project  potential  on  Chapman  Bench.   A 
SCS  watershed  investigation  identified  a  potential  irrigation  project  on  Cyclone 
Bar.   The  Wyoming  Water  Blanning  Program  investigated  alternatives  to  use  Wyoming's 
,  compacted  Clarks  Fork  water  supply.   These  alternatives  all  contemplated  the  con- 
struction of  a  dam  and  reservoir  on  Clarks  Fork  downstream  of  the  Clarks  Fork 
Canyon.   Irrigation  on  Cyclone  Bar,  Chapman  Bench,  and  Kimball  Bench  would  consume 
about  238,000  acre-feet  of  Wyoming's  allocation.   Diversion  of  water  into  Shoshone 
River  with  provisions  for  sustained  streamflows  below  Clarks  Fork  Dam,  located 
downstream  from  the  Clarks  Fork  Canyon,  would  raise  the  depletion  to  375,000 
acre-feet  per  year.   Increasing  the  diversion  of  water  into  the  Shoshone  River 
could  use  all  of  Wyoming's  4-29,000-acre-foot  Clarks  Fork  allocation,  but  sus- 
tained flows  below  the  dam  could  not  be  provided.   An  alternative  to  diverting 
water  into  the  Shoshone  River  to  increase  the  Bighorn  M&I  water  supply  would  be 
to  divert  Wyoming's  share  of  the  Clarks  Fork,  along  with  other  water  at  Miles  City, 
Montana,  into  the  Miles  City-Gillette  pipeline. 

Table- 3  lists  the  potential  new  irrigation  projects  that  have  been  identified 
in  the  Bighorn  River  Basin. 

Table  /+  shows  watersheds  identified  by  the  Soil  Conservation  Service.   The 
information  provided  in  the  table  gives  economic  impacts,  physical  and  biological 
impacts,  and  land  use  and  availability  changes. 

Potential  Groundwater  Development 

Irrigation  using  groundwater  probably  will  expand  in  the  future.   Potential 
groundwater  projects  utilizing  water  from  the  Madison  Limestone  have  been  iden- 
tified along  the  western  flank  of  the  Big  Horn  Mountains  in  the  Nowood  and  Shell 
Creek  drainages,  and  in  the  Crooked  Creek  drainage,  west  of  Yellowtail  Reservoir. 
The  Wind  River  Formation  is  a  source  of  industrial  water  in  the  Gas  Hills  Uranium 
District. 

ETiviron"".r,ntaT.  C  '  '  <*,     ' ■•.'!.' :  >ns 

"     y  of  the  alternative  water  r  s<   c^s  projects  would  require  construction 
of  new  '-oservoirs.   A)nong  other  things,  reservoir  planning  should  include 
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TABLE  3  —  Potential  New  Land  Irrigation  Project  Developments 

Project  Acres 

1.  Indian  development  (miscellaneous  projects)  $0,000 

2.  Rivertor.  Extension  Project  18,500 

3.  Beaver  Creek  1,590 
4..   Polecat  Bench                                                 19,200 

5.  Shoshone  Extension  South  17,300 

6.  Grey bull  Flat  1,000 

7.  Nowood  River  3,000 

8.  Crooked  Creek  250 

9.  Clark s  Fork  19,800 

10.  Private  Surface  Water  Projects: 

EJg  Horn  Irrigation  Development  Company 

Ralston  and  Cody 

South  Additions 

Kirby  Unit 

Red  Flats 

Peaver  Flats 

Kane  Unit 

Shoshone  Irrigation  Project  85,000 

.11.   Private  Groundwater  Projects  31,000 

Total  196,640 
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provisions  for  minimum  reservoir  pools  and  sustained  streamflows  below  dams. 
The  future  operation  of  Buffalo  Bill,  Boysen,  and  Bighorn  Lake  Reservoirs  may 
enhance  or  detract  from  current  conditions  of  reservoir  fluctuations,  minimum 
reservoir  pool,  and  sustained  streamflows  below  the  dams. 

Environmental  considerations  for  new  canals  and  pipelines  include  pro- 
visions for  fisheries  control  and  measures  for  maintenance  of  game  migration 
routes. 

The  effect  of  projected  future  water  resource  development  on  the  concen- 
tration of  total  dissolved  solids  is  shown  in  the  following  tabulation: 

Concentration  of  Total  Dissolved  Solids  ( pom) 
River  Present  Conditions  Developed  Conditions 

Clarks  Fork  at  State  Line  107  186 

Bighorn  River  at  State  Line  650  800 

Conservation  practices  can  alleviate  and  improve  stream  sediment  and  tur- 
bi d  i  ty  pr obi ems . 
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SOME  CONCLUSIONS  ABOUT  THE  BIGHORN  RIVER  BASIN 


1.  Generalized  water  management  goals  for  the  area  can  be  defined  as: 

A.  Ering  to  full  development  the  lands  for  which  a  water  supply  is 
already  available.   These  include  the  Riverton  Project  and  the 
Polecat  Bench  Project. 

B.  Develop  with  multipurposes  in  mind  supplemental  supply  facilities 
to  provide  full  supplies  on  water-short  lands.   The  Wind-Bighorn- 
Clarks  Fork  River  Basin  Type  IV  Survey  identified  several  watershed 
projects  which  would  accomplish  this  end. 

C.  Implement  and  improve  water  management  practices  where  needed  to 
assure  the  best  position  for  agriculture  under  the  EPA  return  flow 
permit  program. 

2.  The  Indian  and  Federal  Reserve  Water  Rights  problems  will  delay  any 

,  federal  developments  potentially  affected  by  the  controversy.   The  primary 
impact  of  the  reservation  problems  will  be  to  affect  decisions  in  utilizing 
Boysen  Reservoir  water  supplies.   Such  problems  could  also  affect  the 
Riverton  Project  and  any  Wind  River  Basin  water  development. 

3.  There  are  three  large  projects  that  could  be  identified  for  study  under 
the  Wyoming  Water  Development  Program: 

A.  The.  feasibility  of  the  State  providing  frontend  money  to  get  the  Pole- 
cat Bench  Project  underway. 

B.  The  State  entering  into  the  feasibility  studies  of  pump  units  along 
the  Bighorn  River  proposed  by  the  Big  Horn  Basin  Irrigation  Development 
Association. 

C.  State  participation  in  development  of  the  Cottonwood  Bench  and  Muddy 
Ridge  areas  of  the  Riverton  Reclamation  Project. 

D.  Definition  of  the  enlargement  of  Buffalo  Bill  Dam  that  could  include 
State  purchase  of  storage  space  for  future  water  development. 

4-   IDWC  define,  with  the  BLM,  procedures  for  moving  ahead  with  desert  land 
entries  or  other  means  of  new  agricultural  land  developments.  Group  enter- 
prises which  could  be  considered  under  such  programs  include  the  proposals  of 
the  Big  Horn  Irrigation  Development  Association,  proposals  for  utilizing 
groundwater-  resources  in  the  Hyattville  area,  and  others. 
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Westside  Irrigation  Project 

The  Westside  Irrigation  Project  is  a  plan  to  irrigate  about  25,000 
acres  of  new  land  between  Worland  and  Basin,  Wyoming.   The  land  is  currently 
sagebrush  grazing  land  administered  primarily  by  the  Bureau  of  Land  Manage- 
ment.  The  water  source  would  be  from  the  Bighorn  River.   Settlement  would 
be  accomplished  through  desert  land  entries. 
Location  and  Description 

The  proposed  irrigation  project  lies  to  the  west  of  the  Bighorn  River 
above  the  Bighorn  Canal,   The  project  lands  start  north  of  Worland  near 
Fifteen  Mile  Creek  and  continue  north  to  about  Basin.   The  project  lands 
are  in  blocks  between  the  major  drainages  that  come  into  the  river  from  the 
west.   The  project  is  shown  on  Figure  1. 

The  project  lands  range  in  elevation  from  about  3,940  feet  to  about 
4,400  feet.   The  land  slopes  gently  to  the  east  and  is  presently  used  for 
livestock  grazing. 

The  crops  grown  on  the  irrigated  land  adjacent  to  the  project  land 
include  small  grains,  corn,  alfalfa,  dry  beans,  and  sugar  beets.   These 
crops  would  also  be  suitable  on  the  project  lands. 
Project  Proposal 

The  proposed  project  will  provide  an  irrigation  water  supply  to  about 
25,000  acres  of  irrigable  land. 

The  source  of  the  irrigation  water  would  be  return  flows  to  the  Bighorn 
River.   The  water  would  be  diverted  to  the  Bighorn  Canal  through  three 
river  pumping  plants.   From  the  Bighorn  Canal  the  water  would  be  relifted  and 
pressurized  for  sprinkler  Irrigation  above  the  canal. 
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The  organized  Westside  Development  Committee  has  filed  on  return  flows 
in  the  Bighorn  River  as  a  water  supply. 

The  alternatives  to  an  all  pumping  project  will  be  assessed  in  a  future 
study  due  to  start  in  May,  1977. 
Engineering 

The  estimated  total  project  acreage  is  25,000  acres. 

The  project  works  would  start  with  pumping  plants  on  the  river.   The  three 
river  pumping  plants  are  located  as  indicated  on  Figure  I,  the  project  area 
map.   These  pumping  plants  would  pump  return  flow  water  from  the  river  up 
into  the  Bighorn  Canal  where  the  water  would  either  replace  Bighorn  Canal 
water  pumped  above  the  canal  or  would  supply  water  to  be  pumped  above  the  canal. 
River  pump  number  one  would  be  a  4900  horse  power  unit  with  a  total  head  of  145 
feet.   The  cost  installed  is  estimated  at  $310,500.   River  pump  number  two  would 
be  a  2400  horse  power  unit  with  a  total  head  of  180  feet.   The  cost  installed  is 
estimated  at  $198,000.   River  pump  three  would  be  a  3600  horse  power  unit  with 
a  total  head  of  130  feet.   The  cost  installed  is  estimated  at  $252,000.   The 
canal  relift   pumping  units  were  estimated  to  cost  $909,920. 

The  projects  discharge  lines  and  field  laterals  were  estimated  to  cost 
$7,748,000. 

The  Westside  Project  has  good  slope  and  natural  drainage.   The  estimated 
drainage  cost  is  $175  per  acre  or  a  total  of  $4,375,000. 

Energy  requirements  were  estimated  on  the  basis  of  3  acre-feet  of  water 
delivered  to  each  acre  and  a  power  cost  of  $.02  kwh.   The  energy  cost  per 
acre  is  $31.00. 
Economics 

The  proposed  Westside  Irrigation  Project  meets  the  National  Economic 
Development  criteria.   The  only  benefits  considered  in  the  NED  account  are 
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$2,300,000  of  net  annual  irrigation  benefits  or  $92.00  net  benefit  per  acre. 
Total  average  annual  costs  are  estimated  at  $2,002,000.   The  resulting  benefit- 
cost  ratio  for  the  NED  account  is  1.15:1.0.  Benefits  and  costs  are  displayed 
in  the  following  tables. 

Table  1  -  Project  Costs 

River  Pumping  Plants  $760,500 

Relift  Canal  pumping  plants  909,920 

Discharge  lines  and  laterals  7,748,000 

Drainage  4,375,000 

Power  Line  2,400,000 

Total  Field  Costs     -  $16,193,420 

Other  Costs  $  1,612,700 

Settlers  assistance  ($10/acre)  250,000 

Total  Project  Costs  $18,056,120 

Interest  During  Construction 

Total  Project  Costs  $18,056,120 

Interest  Rate  .06375 

Interest  during  construction  $  1,151,078 

Rounded  to:.  $  1,151,100 

Annual  Equivalent  Value 

Total  Project  Cost  $18,056,120 

Interest  during  construction  1 ,151, 100 

Total  Investment  $19,207,220 

Amortization  rate  .06388 

Annual  Equivalent  Value  $1,226,957 

Rounded  to  $1,227,000 
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Table  2  -  Average  Annual  Benefits 


Secondary 

Evaluation  Unit         Irrigation        Employment 

Induced  &  Stemming  from 

25,000  acres           $2,300,000        $673,200 

$3,510,400 

Table  3  -  Display  of  Accounts 

NED  Account 

Beneficial  Effects 

Irrigation 

$2,300,000 

Adverse  Effects 

Investment 

$1,227,000 

0M&R 

775,000 

Total  Annual  Cost 

$2,002,000 

Net  Beneficial  Effects 

$  298,000 

Benefit-Cost  Ratio   1.15:1. 

RD  Account 

Adjacent 

Rest  of 

Region      Region 

Nation      Total 

Beneficial  Effects 

User  Benefits  -  Irrigation  $2,300,000 

$2,300,000 

Regional  Benefits 

Employment 

Induced  &  Stemming 

Total  Benefits 

Adverse  Effects 

Investment 

OM&R 

Total  Adverse 
Net  Beneficial  Effects 


673,000  $-269,300 

3,510,400  -1,404,200 

$6,483,000  $-1,673,500 

$1,227,000 
775,000 


$-403,900 
-2,106,200 


0 

0 


$-2,510,100   $2,300,000 

$1,227,000 
775,000 


$2,002,000 

$4,481,600  v-l,673,500 
L'.^npfit  Cost  ratios  for  the  Region  3.2'  1,0 


$-2,510,100 


$2,002,000 
$  298,000 
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Social  Weil-Being  Account 

A.  Income 

1.  The  project  acreage  would  increase  total  agricultural  returns 
to  the  farmers  of  the  area, 

2.  Community  income  would  increase  an  average  of  $4,481,000 
annually  because  of  increased  employment  and  business  generated 
by  the  project  installation  and  project  output. 

3.  Economic  conditions  of  the  area  would  be  stabilized  through 
increased  service  industry  activity  associated  with  irrigated  agri- 
culture. 

B.  Employment 

1.  Project  installation,  operation,  and  maintenance  will  provide 
increased  full  time  employment  in  agriculture. 

2.  Production  of  increased  agricultural  output  will  create  new 
seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  additional  full  time 
jobs  in  the  agribusiness  industry  of  the  region. 

4.  Increased  agricultural  output  will  generate  additional  full  time 
employment  in  the  service  sectors. 

C.  Life,  Health  and  Safety 

1.  Increased  income  would  allow  beneficiaries  to  more  actively 
participate  in  social,  cultural,  recreational,  and  community 
activities  of  the  region. 

2.  The  project  would  provide  added  opportunity  for  young  people 
to  become  farmers. 
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Environmental  Quality  Account 

A.  About  25,000  acres  of  potential  antelope  and  sage  grouse  habitat 
will  be  lost. 

B.  Farming  of  the  area  would  leave  large  areas  exposed  to  wind  erosion 
during  the  fall,  winter,  and  spring. 

C.  Increased  crop  acreage  would  increase  the  upland  game  and  song  bird 
habitat. 

D.  Increased  crop  acreage  would  allow  longer  crop  rotation  for  disease 
control,  particularly  in  sugar  beets. 

E.  Streamflow  depletions  would  have  an  adverse  effect  on  the  quality  of 
municipal  water  available  to  Basin,  Wyoming. 

F.  The  river  might  be  dewatered  for  short  stretches  below  the  river 
pumping  plants. 


STATE  IDENTIFIED  IRRIGATION  PROJECTS 

FOR  THE 

STATE-REGIONAL  DEVELOPMENT  PLAN 

BANJO  FLATS 
•  GREEN  VALLEY  RANCHES 
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April  25,  1977 

Banjo  Flats  Irrigation  Project 

The  project  plan  is  to  sprinkler  irrigate  about  10,400  acres  of  new  land 
south  and  east  of  Worland,  Wyoming.   The  land  is  currently  sagebrush  grazing 
land  administered  primarily  by  the  Bureau  of  Land  Management.   The  water  source 
would  be  from  the  Bighorn  River  diverted  through  the  Upper  Hanover  Canal. 
Settlement  would  be  accomplished  through  desert  land  entries. 
Location  and  Description 

The  proposed  Banjo  Flats  irrigation  project  is  located  in  Washakie  County, 
Wyoming,  southeast  of  Worland.   The  lands  lie  above  the  Highland  Hanover  Canal 
and  to  the  east  of  the  canal.   The  project  is  shown  on  Figure  1. 

The  project  lands  range  in  elevation  from  about  4,260  feet  to  about  4,500 
feet.   The  majority  of  the  land  slopes  gently  to  the  north  and  west  and  is 
currently  used  for  livestock  grazing. 

The  crops  grown  on  the  irrigated  land  adjacent  to  the  project  land  include 
small  grains,  corn,  alfalfa,  dry  beans,  and  sugar  beets.   These  crops  would 
also  be  suitable  on  the  project  lands. 
Project  Proposal 

The  proposed  project  is  planned  to  provide  an  irrigation  water  supply  to 
about  10,400  acres  of  irrigable  land. 

The  source  of  the  irrigation  water  would  be  the  Bighorn  River  and  possibly 
Boysen  Reservoir.   The  water  would  be  diverted  through  the  Upper  Hanover  Canal 
to  the  Highland  Hanover  pump  station  where  the  water  would  be  pumped  above  the 
Highland  Hanover  Canal  and  applied  by  sprinkler  system. 

The  availability  of  the  water  at  the  diversion  point  has  not  been  assessed. 
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Figure  1  -  Banjo  Flats  Irrigation  Project 
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Engineering 

The  total  irrigable  acreage  is  10,400  acres, 

The  present  capacity  of  the  Upper  Hanover  Canal  is  487  cfs  and  serves 
about  17,000  irrigated  acres.   The  USBR  used  a  design  capacity  of  65  acres 
per  cfs.   Using  this  design  capacity  the  Upper  Hanover  Canal  could  serve 
the  additional  acreage  without  being  enlarged.   The  siphon  at  Nowater  Creek 
was  replaced  and  enlarged  in  1975  and  has  the  capacity  for  the  added  acres. 

It  was  assumed  that  the  pump  plant  that  serves  the  Highland  Hanover 
Canal  is  not  large  enough  to  handle  the  increased  flow.   The  project  works 
start  at  this  point. 

The  pump  plant  would  have  a  capacity  of  158  cfs,  allowing  for  5  percent 
losses.   The  pump  plant  would  be  at  elevation  4,155  feet  and  the  delivery 
elevation  would  be  at  elevation  4,500  feet,  or  a  static  lift  of  345  feet. 
The  discharge  line  length  would  be  approximately  11,400  feet.   The  total 
head  including  head  losses  in  the  pipe  and  in  the  pump  would  be  385  feet, 
The  pump  plant  would  be  four  vertical  units.   The  field  cost  of  the  pump 
plant  (from  the  USBR  E&R  Center  "pumplt  program")  would  be  $2,283,000 
using  1975  prices.   The  field  cost  of  the  discharge  line  would  be  $823,000 
(from  the  USBR  E&R  Center  "pipe  program") .   The  field  cost  of  laterals  was 
estimated  at  $445  per  acre.   This  estimate  is  a  USBR  estimate  based  on  the 
Polecat  Bench  Project.   The  total  laterals  cost  is  $4,628,000. 

Banjo  Flats  was  felt  to  have  good  slope  and  natural  drainage.   The 
estimated  drainage  cost  is  $150  per  acre  or  a  total  of  $1,560,000. 

Energy  requirements  were  estimated  on  the  basis  of  2,31  acre-feet  of 
water  delivered  to  each  acre  and  a  power  cost  of  $.02  per  kwh.   The  energy 
cost  per  acre  is  $26.02  per  year. 
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Economics 

The  proposed  project  does  not  meet  the  National  Economic  Development  (NED) 

criteria;  however,  it  does  appear  economically  feasible  from  a  State-Region 

point  of  view.   The  only  benefits  considered  in  the  NED  account  are  $756,600 

of  net  annual  irrigation  benefits,  or  $72.75  net  benefit  per  acre.   Total 

average  annual  costs  are  estimated  at  $1,098,700.   The  resulting  benefit-cost 

ratio  for  the  NED  account  is  .69:1.0.   Benefits  and  costs  are  displayed  in  the 

following  tables. 

TABLE  I  -  Project  Costs 

Pumping  Plant  $  2,283,000 

Discharge  lines,  laterals,  and  drains  7,011 ,000 

Total  field  costs  9,294,000 

Other  costs  (30%  of  field  costs)  2,788,000 

Settlers  assistance  ($10/acre)  104,000 

Total  Project  Costs  $12,186,000 

Interest  During  Construction 

Total  Project  Cost  $12,186,000 

Interest  rate  .06375 

Interest  During  Construction  $    776,858 

Rounded  to:  $    776,900 

Annual  Equivalent  Value 

Total  Project  Cost  $12,186,000 

Interest  during  construction  776,900 

Total  Investment  $12,962,900 

Amortization  rate  .06388 

Annual  Equivalent  Value  $    828,070 

Rounded  to:  $    828,100 


TABLE  2  -  Average  Annual  Benefits 


Secondary 


Induced  and 
Evaluation  Unit       Irrigation         Employment  Stemming  from 

10,400  acres         $756,000  $621,500  $1,054,000 
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TABLE  3  -  Display  of  Accounts 
NED  Account 


Beneficial  effects 
Irrigation 

Adverse  effects 
Investment 
OM&R 

Total  cost 

Net  beneficial  effects 

Benefit  cost  ratio 


$   756,600 

828,100 

270,600 

$1,098,700 

$  -342,100 
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R  D  Account 


Adjacent     Rest  of 
Region     Region      Nation    Total 
Beneficial  effects 

User  Benefits-irrigation      $756,600  $756,600 

Regional  benefits 

Employment                   621,500   -248,600    -372,900        0 
Induced  &  stemming  from      1,054,000   -421,600    -632,400  0 


Total  beneficial  effects  $2,432,100  $-670,200  $1,005,300  $756,600 

$  828,100  $  828,100 


Adverse  effects 
Investment 
OM&R 

Total  cost 


270^600 


270^600 


$1,098,700  $1,098,700 

Net  beneficial  effects         $1,333,400  $-670,200  $-1,005,300  $-342,100 
Benefit-Cost  ratio  for  the  Region  2.21:1.0 


Social  Well-Being  Account 


Income 


3. 


The  increased  irrigated  acreage  would  increase  the  total 
agricultural  returns  to  the  farmers. 

Farm  income  would  be  stabilized  due  to  increased  and  more 
diversified  crop  production. 

Community  income  would  be  increased  an  average  of  $1,333,400 
annually  because  of  increased  employment  and  business  generated 
by  the  project  installation  and  project  output. 
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B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide 
increased  full-time  employment  in  agriculture. 

2.  Production  of  increased  agricultural  output  will  create  new 
seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  additional  full 
time  jobs  in  the  agribusiness  industry  of  the  region. 

C.  Life,  Health,  and  Safety 

1.    Increased  income  would  allow  beneficiaries  to  more  actively 
participate  in  social,  cultural,  recreational,  and  community 
activities  of  the  region. 

Environmental  Quality  Account 

A.  Streamflow  of  the  Bighorn  River  would  be  decreased  during  the  irrigation 
season. 

B.  About  10,400  acres  of  antelope  and  sage  grouse  habitat  would  be  lost. 

C.  Farming  of  the  area  would  leave  large  areas  exposed  to  wind  erosion 
during  the  non-growing  season. 

D.  Increased  crop  acreage  would  increase  the  upland  game  and  song  bird 
habitat . 
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April  20,  1977 

Green  Valley  Ranches  Irrigation  Project 

The  Green  Valley  Ranches  project  is  a  plan  to  irrigate  about  5,100 
acres  of  new  land  north  of  Shoshoni,  Wyoming.   The  land  is  presently  sage- 
brush grazing  land  administered  by  the  Bureau  of  Land  Management  or  land 
within  the  Bureau  of  Reclamation  withdrawal  area  around  Boysen  Reservoir. 
The  water  supply  would  be  pumped  from  Boysen  Reservoir. 
Location  and  Description 

The  proposed  project  lands  lie  immediately  north  of  Shoshoni  and  on 
both  sides  of  U.  S.  Highway  20.   The  lands  range  in  elevation  from  about 
4,700  feet  to  5,000  feet.   The  land  slopes  gently  to  the  west  and  is 
currently  used  for  livestock  grazing.   The  project  is  shown  on  Figure  1. 

The  crops  grown  on  irrigated  lands  in  the  area  include  small  grains, 
corn,  alfalfa,  and  dry  beans.   These  crops  would  be  suitable  on  the 
project  lands. 
Project  Proposal 

The  Green  Valley  Ranches  project  is  a  planned  5,100  acre  sprinkler 
irrigation  project.   The  water  supply  would  be  pumped  directly  from  Boysen 
Reservoir  and  then  relifted  to  the  higher  lands.   The  availability  of  water 
from  Boysen  Reservbir  has  not  been  assessed. 
Engineering 

The  total  irrigable  acreage  is  5,100.   This  was  determined  using 
center  pivot  systems  with  160  acres  per  system. 

The  project  works  would  start  with  a  pumping  plant  on  the  east  side  of 
Boysen  Reservoir.   The  pump  would  be  located  at  elevation  4,725  feet  and 
deliver  water  to  elevation  4,820  feet  or  a  static  lift  of  95  feet.   The 
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Figure  1  -  Green  Valley  Ranches  Irrigation  Project 
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discharge  line  would  be  about  3,000  feet  long.   The  pump  plant  would  consist 
of  3  vertical  centrifugal  units  with  a  field  cost  of  $981,000  (from  USBR 
E&R  center  "pumplt  program").   The  discharge  line  would  be  48  inches  in 
diameter  with  a  field  cost  of  $220,000  installed  (from  USBR  E&R  center  "pipe 
program"). 

The  relift   pumping  plant  would  be  at  elevation  4,800  feet  and  lift 
water  to  5,000  feet,  or  a  static  lift  of  200  feet.   The  discharge  line 
would  be  8,300  feet  long.   The  relift  pump  plant  would  consist  of  3 
horizontal  centrifugal  units  with  a  field  cost  of  $460,000  (from  USBR 
E&R  center  "pumplt  program").   The  discharge  line  would  be  33  inches  in 
diameter  with  a  field  cost  of  $356,000  installed  (from  USBR  E&R  center 
"pipe  program") . 

The  field  cost  of  laterals  was  estimated  at  $445  per  acre.   This 
estimate  is  a  USBR  estimate  based  on  the  Polecat  Bench  Project,   The  total 
laterals  cost  is  $2,270,000. 

The  Green  Valley  Ranches  project  area  is  intersected  by  several  roads 
and  a  railroad  thus  restricting  natural  drainage.   Drainage  costs  were 
estimated  at  $200  per  acre  or  a  total  of  $1,020,000. 

Energy  requirements  were  estimated  on  the  basis  of  2.31  acre-feet  of 
water  delivered  to  each  acre  and  a  power  cost  of  $.02  per  kwh.   The  energy 
cost  per  acre  is  $11.34  per  year. 
Economics 

The  proposed  project  does  not  meet  the  National  Economic  Development 
(NED)  criteria,  however,  it  does  appear  economically  sound  from  a  State- 
Regional  point  of  view.   The  only  benefits  considered  in  the  NED  account 
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are  $359,900  of  net  annual  irrigation  benefits  or  $70.57  net  benefit  per 

acre.   Total  average  annual  costs  are  estimated  at  $530,100.   The  resulting 

benefit-cost  ratio  for  the  NED  account  is  .68:1.0.  Benefits  and  costs  are 
displayed  in  the  following  tables. 

Table  1  -  Project  Costs 

Pumping  plants  $1,441,000 

Discharge  lines,  laterals  and  drains  3,866,000 

Total  Field  Costs  5,307,000 

Other  costs  (30%  of  field  cost)  1,592,000 

Settlers  assistance  ($10/acre)  51,000 

Total  Project  Costs  $6,950,000 

Interest  During  Construction 

Total  Project  Cost  $6,950,000 

Interest  rate  .06375 

Interest  during  construction  $  443,063 

Rounded  to:  $  443,100 

Annual  Equivalent  Value 

Total  project  cost  $6,950,000 

Interest  during  construction  443, 100 

Total  Investment  $7,393,100 

Amortization  rate  .06388 

Annual  Equivalent  Value  $   472,271 

Rounded  to:  $  472,300 
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Table  2  -  Average  Annual  Benefits 


Evaluation  Unit 


5, 100  acres 


Irrigation 
$359,900 


Secondary 


Employment 


$354,400 


Table  3  -  Display  of  Accounts 
NED  Account 


Beneficial  Effects 

Irrigation 
Adverse  Effects 

Investment 

0M&R 

Total  Annual  Cost 
Net  Beneficial  Effects 
Benefit-Cost  Ratio 


68:1.0 

RD  Account 


Region 


Adjacent 
Region 


Beneficial  Effects 

User  Benefits-Irrigations 
Regional  Benefits 
Employment 
Induced  &  Stemming 
Total  Benefits 


Induced  &  Stemming 

from 

$81,100 


$359,900 


472,300 


57,800 


$530,100 
$-170,200 


Rest  of 
Nation 


$359,900 

354,400  $-141,800  $-212,600 

81,100  -  32,400  -  48,700 

$795,400  $-174,200  $-261,300 


Total 
$359,900 
0 

a 

$359,900 
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Adverse  Effects 

Investment                     $472,300  $472,300 

OM&R                            57,800  57,800 

$530,100  $530,100 

Net  Beneficial  Effects             $265,300  $-174,200   $-261,300  $-170,200 

Benefit-cost  ratio  for  the  Region   1.5:1.0 

Social  Well-Being  Account 

A.  Income 

1.  The  increased  irrigated  acreage  would  increase  the  total  agricultural 
returns  to  the  farmers  of  the  area, 

2.  Community  income  would  be  increased  an  average  of  $265,300  annually 
because  of  increased  employment  and  business  generated  by  the  project 
installation  and  project  output. 

B.  Employment 

1.  Project  installation,  operation,  and  maintenance  will  provide 
increased  full-time  employment  in  agriculture. 

2.  Production  of  increased  agricultural  output  will  create  new 
seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  additional  full  time 
jobs  in  the  agribusiness  industry  of  the  region. 

C   Life,  Health  and  Safety 

1.  Increased  income  would  allow  beneficiaries  to  more  actively  par- 
ticipate in  social,  cultural,  recreational,  and  community  activities 
of  the  region. 
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Environmental  Quality  Account 

A.  Reservoir  levels  in  Boysen  Reservoir  might  be  lower  due  to  irrigation 
withdrawal. 

B.  About  5,100  acres  of  antelope  habitat  would  be  lost. 

C.  Farming  of  the  area  would  leave  large  areas  exposed  to  wind  erosion 
during  the  fall,  winter  and  spring. 

D.  Increased  crop  acreage  would  increase  the  upland  game  and  songbird 
habitat. 
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IRRIGATION  PROJECTS  ON  THE 
WIND  RIVER  INDIAN  RESERVATION 

KIRBY  DRAW 

MULE  BUTTE 

NORTH  HUDSON 

PREACHER  DRAW-BEAVER  CREEK 
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April  22,  1977 

Kirby  Draw  Irrigation  Project 

The  Kirby  Draw  Project  is  a  plan  to  sprinkler  irrigate  about  11,200 
acres  of  sagebrush  land  east  of  the  Wind  River  near  Riverton,  Wyoming. 
The  land  is  currently  sagebrush  grazing  land  within  the  Wind  River  Indian 
Reservation.   The  water  supply  would  be  pumped  from  the  Wind  River. 
Location  and  Description 

The  proposed  project  lands  lie  east  of  Riverton  on  the  east  side  of 
the  Wind  River.   The  lands  range  in  elevation  from  4,840  feet  to  5,100 
feet.   The  lands  slope  gently  to  the  north  and  west  and  are  used  for 
grazing  livestock.   The  project  is  shown  on  Figure  1. 

The  crops  grown  on  irrigated  lands  in  the  area  include  small  grains, 
corn,  alfalfa,  and  dry  beans.   These  crops  would  be  suitable  on  the  project 
lands. 
Project  Proposal 

The  Kirby  Draw  Project  is  an  11,200  acre  sprinkler  irrigation  project. 
The  water  supply  would  be  pumped  from  the  Wind  River  using  two  river  pump 
plants.   The  availability  of  water  in  the  Wind  River  was  not  assessed. 
Engineering 

The  total  irrigable  acreage  is  estimated  at  11,200  acres. 

The  project  works  would  start  with  two  pumping  plants  on  the  east  bank 
of  the  Wind  River.   Pump  plant  number  one  located  at  an  elevation  of  about 
4,890  feet  would  lift  water  to  about  5,100  feet.   Total  head  would  be  263 
feet.   The  pump  plant  would  consist  of  three  vertical  centrifugal  units 
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Figure  1  -  Kirby  Draw  Irrigation  Project 
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with  a  field  cost  of  $1,783,000  (from  USBR  E&R  Center  "pumplt  program"), 
The  discharge  line  would  be  2,000  feet  long  and  51  inches  in  diameter  with 
a  total  cost  installed  of  $161,000  (from  USBR  E&R  Center  "pipe  program"). 
Pump  plant  number  two  located  at  an  elevation  of  about  4,870  feet  would 
lift  water  to  about  5,000  feet.   The  total  head  would  be  143  feet.   The 
pump  plant  would  consist  of  three  vertical  centrifugal  units  with  a  field 
cost  of  $1,124,000  (from  USBR  E&R  Center  "pumplt  program").   The  discharge 
line  would  be  300  feet  long  and  48  inches  in  diameter  with  a  total  cost 
installed  of  $2,000  (from  USBR  E&R  Center  "pipe  program"). 

The  field  cost  of  laterals  was  estimated  at  $445  per  acre,   This 
estimate  is  a  USBR  estimate  based  on  the  Polecat  Bench  Project,   The  total 
laterals  cost  is  $4,984,000. 

The  project  area  has  good  slope  and  natural  drainage.   Drainage  costs 
were  estimated  at  $150  per  acre  or  a  total  of  $1,680,000. 

Energy  requirements  were  based  on  delivery  of  2.31  acre-feet  of  water 
per  acre  and  a  power  cost  of  $.02  per  kwh.   The  total  energy  cost  per  acre 
is  $14.07  per  year. 
Economics 

The  proposed  project  does  not  meet  the  National  Economic  Development 
(NED)  criteria;  however,  it  does  appear  economical  on  a  State-Regional  basis. 
The  only  benefits  considered  in  the  NED  account  are  $675,500  of  net  annual 
irrigation  benefits  or  $60.31  net  benefit  per  acre.   Total  average  annual 
costs  are  estimated  at  $1,025,100.   The  resulting  benefit-cost  ratio  for 
the  NED  account  is  .66:1.0.   Benefits  and  costs  are  displayed  in  the 
following  tables. 
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Table  I  -  Project  Costs 

Pumping  plants  $2,907,000 

Discharge  lines  163,000 

Laterals  4,984,000 

Drains  1,680,000 

Total  Field  Costs  $9,734,000 

Other  costs  (30%  of  field  costs)  2,920,000 

Settlers  assistance  ($10/acre)  112,000 

Total  Project  Costs  $12,766,000 

Interest  During  Construction 

Total  Project  Cost      •  $12,766,000 

Interest  rate  .06375 

Interest  during  construction  $   813,832 

Rounded  to:  813,800 

Annual  Equivalent  Value 

Total  Project  Cost  $12,766,000 

Interest  during  construction  813,800 

Total  Investment  $13,579,800 

Amortization  rate  .06388 

Annual  Equivalent  Value  $   867,478 

Rounded  to:  $   867,500 

Table  2  -  Average  Annual  Benefits 

Secondary 


Evaluation  Unit      Irrigation  Employment   Induced  &  Stemming  from 

11,200  acres         $675,500  $651,100         $916,800 
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Table  3  -  Display  of  Accounts 
NED  Account 


Beneficial  Effects 

Irrigation 
Adverse  Effects 

Investment 

OM&R 

Total  Annual  Cost 
Net  Beneficial  Effects 
Benefit-Cost  Ratio    .66:1.0 


Beneficial  Effects 

User  Benefits-Irrigation 
Regional  Benefits 
Employment 
Induced  &  Stemming 
Total  Benefits 
Adverse  Effects 
Investment 
OM&R 

Total  Costs 


RD  Account 

Region 
$675,500 

651,100 

916,800 

$2,243,400 

$867,500 

157,600 

$1,025,100 


$675,500 


807,500 


157,600 


$1,025,100 
$-  349,600 


Adjacent 
Region 


Rest  of 

Nation 


$-260,400   $-390,700 
-366,700    -550,100 


Total 
$675,500 

0 
0 


$-627,100   $-940,800  $675,500 

$867,500 

157,000 

$1,025,100 
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Net  Beneficial  Effects         $1,218,300  $-627,100  $-940,800  $-349,600 
Benefit-Cost  ratio  for  the  region  2.19:1,0 

Social  Weil-Being  Account 

A.  Income 

1.  The  increased  irrigated  acreage  would  increase  the  total  agricultural 
returns  to  the  farmers  of  the  area. 

2.  Community  income  would  be  increased  an  average  of  $1,218,300  annually 
because  of  increased  employment  and  business  generated  by  the  project 
installation  and  project  output, 

B.  Employment 

1.  Project  installation,  operation,  and  maintenance  will  provide 
increased  full-time  employment  in  agriculture. 

2.  Production  of  increased  agricultural  output  will  create  new  seasonal 
on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  additional  full-time  jobs 
in  the  agribusiness  industry  and  service  sector  of  the  region. 

C.  Life,  Health  and  Safety 

1.   Increased  income  would  allow  beneficiaries  to  more  actively  participate 
In  social,  cultural,  recreational,  and  community  activities  of  the  region. 

Environmental  Quality  Account 

A.  Stream  flow  levels  would  be  depleted  due  to  the  irrigation  diversion. 

B.  About  11,200  acres  of  antelope  and  sage  grouse  habitat  would  be  lost. 

C.  Farming  of  the  area  would  leave  large  areas  exposed  to  wind  erosion 
during  the  fall,  winter  and  spring. 

D.  Increased  crop  acreage  would  increase  the  upland  game  and  song  bird 
habitat. 
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April  27,  1977 

Mule  Butte  Irrigation  Project 

The  Mule  Butte  Project  is  a  plan  to  sprinkler  irrigate  about  17,280 
acres  of  sagebrush  land  south  of  the  Wind  River  near  River ton,  Wyoming. 
The  land  is  presently  sagebrush  grazing  land  within  the  Wind  River  Indian 
Reservation.   The  water  supply  would  be  pumped  from  the  Wind  River, 
Location  and  Description 

The  proposed  project  lands  lie  west  of  Riverton  to  the  south  of  the  Wind 
River.   The  lands  range  in  elevation  from  5,300  feet  to  5,580  feet.   The 
lands  slope  gently  to  the  south  and  east  and  are  used  for  grazing  live- 
stock.  The  project  is  shown  on  Figure  1. 

The  crops  grown  on  irrigated  lands  in  the  area  include  small  grains, 
corn,  alfalfa,  and  dry  beans.   The  higher  elevation  of  the  project  could 
limit  production  of  corn  grain  and  dry  beans;  however,  the  small  grains 
and  alfalfa  will  be  well  suited  to  the  project. 
Project  Proposal 

The  Mule  Butte  Project  is  a  sprinkler  irrigation  project  of  about  17,280 
acres.   The  water  supply  would  be  pumped  from  the  Wind  River  using  river  pump 
plants.   Two  alternatives  were  assessed.   One  alternative  would  use  four 
river  pumping  plants;  the  other  would  use  three  river  pumping  plants.   The 
availability  of  water  in  the  Wind  River  was  not  analyzed. 
Engineering 

The  total  irrigable  acreage  is  estimated  at  17,280  acres, 

The  project  works  would  start  with  the  river  pumping  plants.   Alternative 
one  includes  four  river  pumping  plants  while  alternative  two  includes  three 
pumping  plants. 
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Alternative  One 

Alternative  one  is  a  four  pumping  plant  system.   Pumping  Plant  No.  1 
is  located  at  an  elevation  of  about  5,250  feet  and  would  be  designed  to 
lift  97  cfs  of  water  to  5,920  acres  with  a  total  head  of  460  feet.   The 
pumping  plant 'would  consist  of  these  vertical  centrifugal  units  with  a 
field  cost  of  $2,435,000.   The  discharge  line2  would  be  7,800  feet  long 
and  51  inches  in  diameter  with  a  total  cost  installed  of  $739,000. 

Pumping  plant  number  two  is  located  at  an  elevation  of  about  5,185  feet 
and  would  be  designed  to  lift  79  cfs  of  water  to  4,640  acres  with  a  total 
head  of  285  feet.   The  pumping  plant  would  consist  of  three  vertical 
centrifugal  units  with  a  field  cost  of  $1,543,000.   The  discharge  line 
would  be  7,600  feet  long  and  48  inches  in  diameter  with  a  total  installed 
cost  of  $572,000. 

Pumping  plant  number  three  is  located  at  an  elevation  of  about  5,120 
feet  and  would  be  designed  to  lift  83  cfs  of  water  to  4,960  acres  with 
a  total  head  of  330  feet.   The  pumping  plant  would  consist  of  three 
vertical  centrifugal  units  with  a  field  cost  of  $1,731,000.   The  discharge 
line  would  be  7,700  feet  long  and  48  inches  in  diameter  with  a  total 
installed  cost  of  $602,000. 

Pumping  plant  number  four  is  located  at  an  elevation  of  about  5,050 
feet  and  would  be  designed  to  lift  39  cfs  of  water  to  1,760  acres  with  a 
total  head  of  340  feet.   The  pumping  plant  would  consist  of  two  vertical 
centrifugal  units  with  a  field  cost  of  $902,000.   The  discharge  line 
would  be  8,000  feet  long  and  36  inches  in  diameter  with  a  total  installed 
cost  of  $410,000 


'Pumping  plant  estimates  are  from  1  he  USBR  E&R  Center  "pumplt"program. 
discharge  line  estimates  are  from  i he  USBR  E&R  Center  "pipe"  program. 
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Alternative  Two 

Alternative  two  is  a  three  pumping  plant  system.  Pumping  plants  one 
and  four  are  the  same  as  for  alternative  one.  Pumping  plant  three  would 
be  omitted  and  pumping  plant  number  two  would  be  larger, 

Pumping  plant  number  two  is  located  at  an  elevation  of  about  5,185  feet 
and  would  be  designed  to  lift  150  cfs  of  water  to  9,600  acres  with  a  total 
head  of  285  feet.   The  pumping  plant  would  consist  of  four  vertical 
centrifugal  units  with  a  field  cost  of  $2,599,000.   The  line  would  be 
7,600  feet  long  and  60  inches  in  diameter  with  a  total  installed  cost  of 
$809,000. 

Both  alternatives  would  require  the  same  laterals,  drainage  and 
energy  calculation. 

The  field  cost  of  laterals  was  estimated  at  $445  per  acre.  This 
estimate  is  a  USBR  estimate  based  on  the  Polecat  Bench  Project.  The 
total  laterals  cost  is  $7,690,000. 

The  project  area  has  fairly  good  slope  and  natural  drainage.   Drainage 
costs  were  estimated  at  $150  per  acre,  or  a  total  of  $2,592,000. 

Energy  requirements  were  based  on  a  delivery  of  2.31  acre-feet  of 
water  per  acre  and  a  power  cost  of  $.02  per  kwh.   The  total  energy  cost 
for  alternative  one  is  $24.56  per  acre  per  year.   Alternative  two  would 
have  an  annual  energy  cost  of  $23.70  per  acre. 
Economics 

The  proposed  project  does  not  meet  the  National  Economic  Development 
(NED)  criteria  for  either  alternative;  however,  it  does  appear  feasible 
from  a  State-Regional  viewpoint.   Annual  irrigation  benefits  were 
estimated  on  the  basis  of  $60,32  net  bei.jfit  per  acre  or  a  total  benefit 
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of  $1,042,300.   Benefits  and  costs  are  displayed  in  the  following  tables. 

TABLE  1  -  Project  Costs 

Alternative  One  Alternative  Two 

Pumping  Plants                          $  6,611,000  $  5,954,000 

Discharge  lines                          2,323,000  1,958,000 

Laterals                                  7,690,000  7,690,000 

Drains                                  2,592,000  2,592,000 

Total  Field  Costs                   $19,216,000  $18,194,000 

Other  costs  (30%  of  field  costs)           5,765,000  5,458,000 

Settlers  assistance($10  per  acre)             173,000  173,000 

Total  Project  Costs                 $25,154,000  $23,825,000 

Interest  During  Construction 

Total  Project  Costs                      $25,154,000  $23,825,000 

Interest  rate                         .06375  .06375 

Interest  During  Construction         $  1,603,567  $  1,518,844 

Rounded  to:                     $  1,603,600  $  1,518,800 

Annual  Equivalent  Value 

Total  Project  Cost                       $25,154,000  $23,825,000 

Interest  During  Construction               1,603,600  1,518,800 

Total  Investment                    $26,757,600  $25,343,800 

Amortization  Rate                      .06388  .06388 

Annual  Equivalent  Value                  $  1,709,275  $  1,618,962 

Rounded  to:                         $  1,709,300  $  1,619,000 
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Evaluation  Unit 
17,280  acres 

Alternative  One 

Alternative  Two 


TABLE  2  -  Average  Annual  Benefits 

Secondary 

Irrigation 


$1,042,300 
1,042,300 


Employment 

$1,282,900 
1,215,100 


Induced  and 
Stemming  From 

$1,112,500 

1,361,500 


Beneficial  Effects 
Irrigation 

Adverse  Effects 
Investment 

OM&R 

Total  Costs 
Net  Beneficial  Effects 
Benefit  Cost  Ratio 


TABLE  3  -  Display  of  Accounts 
NED  Account 

Alternative  One 

$  1,042,300 

1,709,300 
424,400 

$  2,133,700 

$-1,091,400 

.49:1.0 


Alternative  Two 

$  1,042,300 

1,619,000 
409,500 

$  2,028,500 

$  -986,200 

.51:1.0 
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Social  Well-Being  Account 

A.  Income 

1.  The  Increased  irrigated  acreage  would  increase  the  total  agricultural 
returns  to  the  farmers  of  the  area. 

2.  Community  income  would  be  increased  an  average  of  $1,304,000  annually 
for  Alternative  One  or  $1,590,400  annually  for  Alternative  Two  because 

of  increased  employment  and  business  generated  by  the  project  installation 
and  project  output. 

B.  Employment 

1.  Project  installation,   operation,  and  maintenance  will  provide 
increased  full  time  employment  in  agriculture. 

2.  Production  of  increased  agricultural  output  will  create  new  seasonal 
on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  additional  full-time 
jobs  in  the  agribusiness  industry  and  service  sector  of  the  region. 

C.  Life,  Health  and  Safety 

1.   Increased  income  would  allow  beneficiaries  to  more  actively  participate 
in  social,  cultural,  recreational,  and  community  activities  of  the  region. 

Environmental  Quality  Account 

A.  Stream  flow  levels  would  be  depleted  due  to  the  irrigation  diversion. 

B.  About  17,280  acres  of  antelope  and  sage  grouse  habitat  would  be  lost. 

C.  Farming  of  the  area  would  leave  large  areas  exposed  to  wind  erosion 
during  the  fall,  winter  and  spring. 

D.  Increased  crop  acreage  would  increase  the  upland  game  and  song  bird 
habitat. 
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North  Hudson  Irrigation  Project 


The  North  Hudson  project  is  a  plan  to  sprinkler  irrigate  about  6,200 
acres  of  sagebrush  land  between  the  Little  Wind  River  and  the  Popo  Agie 
River  and  west  of  their  confluence  near  Hudson,  Wyoming.   The  land  is 
currently  sagebrush  grazing  land  within  the  Wind  River  Indian  Reservation. 
The  water  supply  would  be  pumped  from  the  Popo  Agie  River. 
Location  and  Description 

The  proposed  project  lands  lie  north  and  east  of  Hudson  between  the 
Popo  Agie  and  Little  Wind  Rivers.   The  lands  range  in  elevation  from  5,020 
feet  to  5,400  feet.   The  lands  slope  gently  to  east  and  north  and  are  used 
for  livestock  grazing.   The  project  is  shown  on  Figure  1, 

The  crops  grown  on  irrigated  lands  in  the  area  include  small  grains, 
corn,  alfalfa,  and  dry  beans.   The  higher  elevation  of  the  project  could 
limit  production  of  corn  grain  and  dry  beans;  however,  the  small  grains 
and  alfalfa  would  be  well  suited  to  the  project. 
Project  Proposal 

The  North  Hudson  project  is  a  sprinkler  irrigation  project  of  about 
6,200  acres.   The  water  supply  would  be  pumped  from  the  Popo  Agie  River 
using  one  river  pumping  plant.   The  availability  of  water  in  the  Popo  Agie 
River  was  not  analyzed. 
Engineering 

The  total  irrigable  acreage  is  estimated  to  be  6,200  acres. 

The  project  works  start  with  the  river  pumping  plant  on  the  north  bank 
of  the  Popo  Agie  River.   The  pumping  plant  is  located  at  an  elevation  of 
5,060  feet  and  would  deliver  water  to  an  elevation  of  5,340  feet.   The 
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pumping  plant  would  be  designed  to  lift  100  cfs  of  water  with  a  design  head 
of  310  feet.   The  pumping  plant  would  consist  of  four  horizontal  centri- 
fugal units  with  a  field  cost  of  $1,495,000  (from  the  USBR  E&R  Center 
"Pumplt"  program).   The  discharge  line  is  7,500  feet  long  and  51  inches  in 
diameter  with  an  installed  cost  of  $533,000  (from  the  USBR  E&R  Center 
"Pipe"  program). 

The  field  cost  of  laterals  was  estimated  at  $445  per  acre,   This 
estimate  is  a  USBR  estimate  based  on  the  Polecat  Bench  Project.   The  total 
laterals  cost  is  $2,759,000. 

The  project  has  fairly  good  slope  and  natural  drainage.   Drainage  costs 
were  estimated  at  $150  per  acre  or  a  total  of  $930,000. 

Energy  requirements  are  based  on  delivery  of  2.31  acre-feet  of  water 
per  acre  and  a  power  cost  of  $.02  per  kwh.   The  total  energy  cost  per  acre 
is  $20.95  per  year. 
Economics 


The  proposed  project  does  not  meet  the  National  Economic  Development 
(NED)  criteria;  however,  it  does  appear  economically  feasible  from  a  State- 
Regional  viewpoint..  The  only  benefits  considered  in  the  NED  account  are 
$396,700  of  net  annual  irrigation  benefits  or  $68  per  acre  net  benefit. 
Total  average  annual  costs  are  estimated  at  $674,100.   The  benefit-cost 
ratio  for  the  NED  account  is  .59:1.0.   Benefits  and  costs  are  displayed 
in  the  following  tables. 
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TABLE  I  -  PROJECT  COSTS 


Pumping  Plant 
Discharge  Line 
Canals  and  laterals 
Drains 

Total  Field  Costs 
Other  costs  (30%  of  field  costs) 
Settlers  assistance  ($10  per  acre) 

Total  Project  Cost 


$1,495,000 

533,000 

2,759,000 


930,000 


$5,717,000 

1,715,000 

62,000 

$7,494,000 


Interest  During  Construction 
Total  Project  Cost 
Interest  Rate 

Interest  During  Construction 
Rounded  to : 


$7,494,000 

.06375 

$  477,743 

$  477,700 


Annual  Equivalent  Value 
Total  Project  Cost 
Interest  During  Construction 

Total  Investment 
Amortization  Rate 

Annual  Equivalent  Value 
Rounded  to: 


$7,494,000 
477,700 
$7,971,700 
.06388 
$  509,232 
$  509,200 
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TABLE  2  -  Average  Annual  Benefits 


Secondary 


Evaluation  Unit         Irrigation    Employment   Induced  &  Stemming  from 
6200  acres  $396,700      $404,800  $532,700 

TABLE  3  -  Display  of  Accounts 

NED  Account 

Beneficial  Effects 

Irrigation  $396,700 

Adverse  Effects 

Investment  509,200 

OM&R  164,900 

Total  Annual  Cost  $674,100 

Net  Beneficial  Effects  $-277,400 

Benefit-Cost  Ratio   .59:1.0 

RD  Account 

Adjacent  Rest  of 
Region   Region    Nation     Total 

Beneficial  Effects 

User  Benefits-Irrigation  $396,700  $396,700 

Regional  Benefits 

Employment              404,800  $-161,900  $-242,900         0 

Induced  &  Stemming       532,700   -213,100  -319,600   0 

$1,334,200  $-375,000  $-562,500   $396,700 
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Table  3  -  Display  of  Accounts 
RD  Account  (Cont'd) 

Adjacent   Rest  of 
Region    Region     Nation     Total 

Adverse  Effects 

Investment  $509,200  $509,200 

OM&R  164,900  164,900 

Total  Costs  $674,100  $674,100 

Net  Beneficial  Effects      $660,100  $-375,000  $-562,500  $-277,400 

Benefit-Cost  ratio  for  the  Region   1.98:1.0 

Social  Weil-Being  Account 

A,  Income 

1.  The  increased  irrigated  acreage  would  increase  the  total  agricultural 
returns  to  the  farmers  of  the  area. 

2.  Community  income  would  be  increased  an  average  of  $660,100  annually 
because  of  increased  employment  and  business  generated  by  the  project 
installation  and  project  output. 

B.  Employment 

1.  Project  installation,  operation,  and  maintenance  will  provide 
increased  full-time  employment  in  agriculture. 

2.  Production  of  increased  agricultural  output  will  create  new  seasonal 
on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  additional  full-time 
jobs  in  the  agribusiness  industry  and  service  sector  of  the  region. 
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C.   Life,  Health  and  Safety 

1.   Increased  income  would  allow  beneficiaries  to  more  actively  parti- 
cipate in  social,  cultural,  recreational,  and  community  activities  of 
the  region. 

Environmental  Quality  Account 

A.  Stream  flow  levels  would  be  depleted  due  to  the  irrigation  diversion. 

B.  About  6,200  acres  of  antelope  and  sage  grouse  habitat  would  be  lost. 

C.  Farming  of  the  area  would  leave  large  areas  exposed  to  wind  erosion 
during  the  fall,  winter  and  spring. 

D.  Increased  crop  acreage  Would  increase  the  upland  game  and  song  bird 
habitat. 


April  29,  1977 
PREACHER  DRAW  -  BEAVER  CREEK  IRRIGATION  PROJECT 

The  Preacher  Draw-Beaver  Creek  Project  is  a  plan  to  irrigate  from 
7,400  acres  to  9,500  acres  of  sagebrush  land  south  and  east  of  the  Little 
Wind  River  between  Hudson  and  Riverton,  Wyoming.   The  land  is  currently 
sagebrush  grazing  land  within  the  Wind  River  Indian  Reservation.   The 
water  supply  would  be  pumped  from  the  Popo  Agie  River  and  Little  Wind 
River. 
Location  and  Description 

The  proposed  project  lands  lie  on  both  sides  of  Wyoming  Highway  789 
between  Hudson  and  Riverton.   The  lands  range  in  elevation  from  4,960 
feet  to  5,300  feet.   The  lands  slope  gently  toward  Beaver  Creek  from  the 
Southwest  and  Northeast.   The  project  is  shown  on  Figure  1.   The  solid 
line  encompasses  the  sprinkler  irrigation  alternative  while  the  broken 
line  encompasses  the  gravity  irrigation  alternative. 

The  crops  grown  on  irrigated  lands  in  the  area  include  small  grains, 
corn,  alfalfa,  and  dry  beans.   These  crops  would  be  suitable  on  the 
project  lands. 
Project  Proposal 

The  Preacher  Draw-Beaver  Creek  Project  can  be  either  a  7,400  acre 
sprinkler  irrigation  project  or  a  9,500  acre  gravity  irrigation  project. 
The  water  would  be  supplied  by  two  river  pumping  plants,  one  on  the  Popo 
Agie  River  and  one  on  the  Little  Wind  River.   The  availability  of  water 
for  the  project  has  not  been  analyzed. 
Engineering 
Sprinkler  Alternative 
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Figure  1  -  Preacher  Draw  -  Beaver  Creek  Irrigation  Project 
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The  total  irrigable  acreage  is  estimated  to  be  7,400  acres. 

The  project  works  would  start  with  the  two  river  pumping  plants. 
Pumping  plant  number  one  would  be  located  on  the  Popo  Agie  River  at  about 
5,000  feet  elevation.   The  pumping  plant  would  lift  96  cfs  of  water  through 
a  6,500-foot  discharge  line  to  5,760  acres.   The  total  design  head  is 
245  feet.   The  pumping  plant  would  consist  of  four  vertical  centrifugal 
units  with  a  field  cost  of  $1,231,000  (from  USBR  E&R  Center  "Pumplt" 
program).   The  discharge  line  would  be  6,500  feet  long  and  51  inches  in 
diameter  with  a  field  cost  of  $488,000  (from  USBR  E&R  Center  "pipe" 
program) . 

Pumping  plant  number  two  would  be  located  at  about  4,920  feet  elevation 
on  the  Little  Wind  River.   The  pumping  plant  would  lift  35  cfs  of  water 
through  a  5,800-foot  discharge  line  to  1,600  acres.   The  total  design  head 
is  183  feet.   The  pumping  plant  would  consist  of  three  vertical  centrifugal 
units  with  a  field  cost  of  $449,000  (from  USBR  E&R  Center  "Pumplt"  program). 
The  discharge  line  would  be  5,800  feet  long  and  36  inches  in  diameter  with 
a  field  cost  of  $263,000  (from  USBR  E&R  Center  "pipe"  program). 

The  field  cost  of  laterals  was  estimated  at  $445  per  acre.   This 
estimate  is  a  USBR  estimate  based  on  the  Polecat  Bench  Project.   The  total 
laterals  cost  is  $3,293,000. 

The  project  has  good  slope  and  natural  drainage.   Drainage  costs  are 
estimated  at  $150  per  acre  or  a  total  of  $1,110,000. 
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Energy  requirements  were  based  on  delivery  of  2.31  acre-feet  of  water 
per  acre  and  a  power  cost  of  $.02  per  kwh.   The  total  energy  cost  per  acre 
is  $15. 60  per  year. 
Gravity  Alternative 

The  total  irrigable  acreage  is  estimated  to  be  9,500  acres. 

The  project  works  would  start  with  the  two  river  pumping  plants. 
Pumping  plant  number  one  would  be  located  at  an  elevation  of  5,000  feet 
on  the  Popo  Agie  River.   The  pumping  plant  would  lift  125  cfs  of  water  to 
6,600  acres.   The  total  design  head  is  245  feet.   The  pumping  plant  would 
consist  of  four  vertical  centrifugal  units  with  a  field  cost  of  $1,602,000 
(from  the  USBR  E&R  Center  "Pumplt"  program) .   The  discharge  line  would  be 
6,500  feet  long  and  56  inches  in  diameter  with  a  field  cost  of  $620,000 
(from  the  USBR  E&R  Center  "pipe"  program). 

Pumping  plant  number  two  would  be  located  on  the  Little  Wind  River  at 
an  elevation  of  4,920  feet.   The  pumping  plant  would  lift  66  cfs  of  water 
to  2900  acres.   The  total  design  head  is  227  feet.   The  pumping  plant  would 
consist  of  three  vertical  centrifugal  units  with  a  field  cost  of  $832,000 
(from  the  USBR  E&R  Center  "Pumplt"  program).   The  discharge  line  would  be 
7,400  feet  long  and  44  inches  in  diameter  with  a  field  cost  of  $472,000 
(from  the  USBR  E&R  Center  "pipe"  program). 

The  field  costs  of  canals  and  laterals  was  estimated  at  $280  per 
acre.   This  estimate  is  a  USBR  estimate  based  on  the  Polecat  Bench  Project, 
The  total  canal  and  laterals  cost  is  $2,660,000. 
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Drainage  was  estimated  at  $150  per  acre  the  same  as  the  sprinkler 
alternative.   The  total  drainage  cost  is  $1,425,000. 

Energy  requirements  were  based  on  delivery  of  3.83  acre-feet  of 
water  per  acre  and  a  power  cost  of  $.02  per  kwh.   The  total  energy  cost 
per  acre  is  $26.85  per  year. 
Economics 

The  proposed  project  does  not  meet  the  National  Economic  Development 
(NED)  criteria  for  either  alternative;  however,  the  project  does  appear 
feasible  from  a  State-Regional  viewpoint.   Annual  irrigation  benefits 
were  estimated  on  the  basis  of  about  $64  net  benefit  per  acre  or  a  total 
annual  benefit  of  $473,500  for  the  sprinkler  alternative  and  $607,900 
for  the  gravity  alternative.   Benefits  and  costs  are  displayed  in  the 
following  tables. 
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TABLE  1  -  Project  Costs 

Alternative 

Sprinkle 

Pumping  Plants 

Discharge  Lines 

Canals  and  Laterals 

Drains 

Total  Field  Costs 
Other  Costs  (30%  of  Field  Costs) 
Settlers  assistance  ($10/acre) 

Total  Project  Costs 

Interest  During  Construction 
Total  Project  Costs  $8,958,000 

Interest  Rate  .06375 

Interest  During  Construction         $   571,073 
Rounded  to:  $  571,100 

Annual  Equivalent  Value 
Total  Project  Costs  $8,958,000 

Interest  During  Construction  571, 100 

Total  Investment  $9,529,100 


Sprinkler 

Gravity 

$1,680,000 

$2,434,000 

751,000 

1,092,000 

3,293,000 

2,660,000 

1,110,000 

1,425,000 

$6,834,000 

$7,611,000 

2,050,000 

2,283,000 

74,000 

95,000 

$8,958,000 

$9,989,000 

06388 


Annual  Equivalent  Value 
Rounded  to: 


$   608,719 
$   608,719 


$9,989,000 

.06375 

$   636,799 

$   636,800 

$9,989,000 

636,800 

$10,625,800 

.06388 

$   678,776 

$   678,800 
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TABLE  2  -  Average  Annual  Benefits 


Evaluation  Unit 
Sprinkler  7,400  acres 
Gravity   9,500  acres 


Irrigation 
$473,500 
607,900 


Secondary 


Employment    Induced  &  Stemming  from 
$547,600         $651,500 
597,600  836,400 


Beneficial  Effects 

Irrigation 
Adverse  Effects 

Investment 

OM&R 

Total  Costs 
Net  Beneficial  Effects 
Benefit  Cost  Ratio 


TABLE  3  -  Display  of  Accounts 
NED  Account 

Sprinkler 

$473,500 

$473,500 


608,700 

156,900 

$765,600 

$-292,100 

.62:1.0 


Gravity 

$607,900 

$607,900 

678,800 


341,300 


$1,020,100 
$-412,200 
.60:1.0 
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Social  Well-Being  Account 

A.  Income 

1.  The  increased  irrigated  acreage  would  increase  the  total  agricultural 
returns  to  the  farmers  of  the  area. 

2.  Community  income  would  be  increased  an  average  of  $907,000  annually 
for  the  sprinkler  alternative  and  $1,021,800  for  the  gravity  alternative 
because  of  increased  employment  and  business  generated  by  the  project 
installation  and  project  output. 

B.  Employment 

1.  Project  installation,  operation,  and  maintenance  will  provide  in- 
creased full-time  employment  in  agriculture. 

2.  Production  of  increased  agricultural  output  will  create  new 
seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  additional  full-time 
jobs  in  the  agribusiness  industry  and  service  sector  of  the  region, 

C.  Life,  Health  and  Safety 

1.   Increased  income  would  allow  beneficiaries  to  more  actively 
participate  in  social,  cultural,  recreational,  and  community 
activities  of  the  region. 

Environmental  Quality  Account 

A.  Stream  flow  levels  would  be  depleted  due  to  the  irrigation  diversion. 

B.  About  7,400-9,500  acres  of  antelope  and  sage  grouse  habitat  would  be 
lost. 

C.  Farming  of  the  area  would  leave  large  areas  exposed  to  wind  erosion 
during  the  fall,  winter  and  spring,  * 

D.  Increased  crop  acreage  would  increase  the  upland  game  and  song  bird  habitAi  "7 


YELLOWSTONE  RIVER  BASIN  LEVEL  B  STUDY 
ISSUE  PAPER  ON  WYOMING'S  YELLOWSTONE  RIVER  COMPACT  WATER  SUPPLIES 

Wyoming  Water  Planning  Program 
April  12,  1976 


I.    Yellowstone  River  Compact 

The  Yellowstone  River  Compact  apportions  water  among  the  states  of 
Wyoming,  Montana,  and  North  Dakota.   The  compact  has  specific  provisions  re- 
garding the  division  of  water  between  Wyoming  and  Montana  on  the  interstate 
tributaries  of  the  Yellowstone  River.   The  following  information  is  from  the 
Wyoming  Framework  Water  Plan,  subsequent  updatings,  and  other  information. 

Bighorn  River  Basin 

The  surface  water  availability  of  Wyoming's  Bighorn  River  Basin  is 
subject  to  the  terms  of  the  Yellowstone  River  Compact.   Under  the  compact  all 
pre-1950  water  rights  are  entitled  to  a  supplemental  water  supply  exclusive 
of  the  compact  percentage  allocations  to  the  individual  states.   Assuming  that 
all  pre-1950  water  rights  in  the  Clarks  Fork  and  Bighorn  River  Basins  were 
supplied  supplemental  water,  an  estimated  additional  420,000  acre-feet  per 
year  average  annual  depletion  would  result.   In  addition,  Wyoming  is  entitled 
to  60%  of  the  remaining  unused  and  unappropriated  water  of  the  Clarks  Fork  for 
an  estimated  annual  average  of  429,000  acre-feet,  and  Wyoming's  80%  allocation 
of  the  Bighorn  River  system  avrages  about  1.8  million  acre-feet  per  year. 

Although  there  is  an  apparent  abundance  of  water  available  in  the  Bighorn 
River  system,  developing  a  useable  firm  water  supply  is  dependent  upon  the 
availability  of  storage  water.   Water  for  new  uses  is  physically  available 
from  Buffalo  Bill,  Boysen,  and  Yellowtail  Reservoirs.   Use  of  all  of  Wyoming's 
compact  allocation  would  require  the  construction  of  additional  storage  and 
at  least  a  portion  of  the  water  supply  would  have  to  be  diverted  from  Yellow- 
tail  Reservoir  or  from  the  river  system  below  Yellowtail  Dam.   There  is  a  need 
for  intra-basin  diversions  of  water  or  diversions  from  streams  in  the  Bighorn 
River  Basin  with  water  surpluses  to  other  streams  in  the  Bighorn  River  Basin 
which  are  water  short,  in  order  to  provide  full  water  supplies  for  existing 
uses. 

The  Clarks  "Fork  has  a  considerable  water  supply  available  for  future 
uses  in  Wyoming.   Water  uses  from  tributary  streams  do  have  shortages  in 
some  instances  and  supplemental  water  supplies  could  be  developed  to  alleviate 
the  shortages  in  many  instances. 

Tongue  and  Powder  Rivers 

The  Tongue  and  Powder  Rivers  within  Northeastern  Wyoming  are  interstate 
tributaries  of  the  Yellowstone  River  and  are  also  subject  to  the  terms  of  the 
Yellowstone  River  Compact.   If  the  pre-1950  water  rights  are  provided  a 
supplemental  water  supply,  the  total  additional  depletion  from  the  two  rivers 
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would  average  about  74,000  acre-feet  per  year.   Of  the  remaining  unused  and 
unappropriated  water  in  the  Tongue  River,  Wyoming  is  allocated  40%,  amounting 
to  an  average  of  about  96,400  acre-feet  per  year.   In  the  Powder  River, 
Wyoming's  42%  allocation  is  estimated  to  average  about  120,700  acre-feet  per 
year.   Water  supply  studies  show  that  if  a  drought  year  such  as  1961  reoccurs, 
Wyoming's  allocation  in  such  a  year  would  be  little  if  any  in  either  the 
Tongue  or  Powder  River;  therefore,  reservoir  storage  is  required  to  develop 
firm  water  supplies  in  these  streams  by  providing  carry-over  storage  from 
years  of  abundant  supply  for  use  in  drought  years. 

Possible  Issues  Affecting  Water  Supplies 

Claims  to  federal  reserved  water  rights  and  Indian  water  rights  could 
affect  the  quantities  of  water  available  for  future  uses  in  Wyoming  from 
Yellowstone  River  tributaries.   The  State  of  Wyoming  estimates  assume  that 
future  uses  by  federal  government  would  not  expand  past  present  uses  which 
are  the  recreational,  stock  water,  and  public  land  improvement  uses  such  as 
now  exist.   Indian  water  uses  are  treated  in  the  same  manner  as  other  water 
uses  so  far  as  projections  and  planning  are  concerned.   Since  development  of 
any  new  Indian  water  uses  affects  the  future  economies  of  local  areas  of  the 
states  as  well  as  that  of  the  Indians,  new  Indian  water  uses  are  assumed  to 
be  a  part  of  the  compact  allocation  of  the  state  in  which  the  uses  are  made. 
The  assumption  is  supported  by  the  language  of  the  U.  S.  Supreme  Court  de- 
cision in  the  Arizona  vs.  California  case.   It  is  believed  that  treating  future 
Indian  water  uses  in  this  manner  would  not  impair  their  water  rights,  as  re- 
quired in  Article  VI  of  the  Yellowstone  River  Compact,  and  would  allow  equi- 
table apportionment  of  Indian  rights  along  with  other  rights. 

Indian  reservations  that  could  affect  Yellowstone  River  Compact  allo- 
cations include  the  Wind  River  and  Crow  reservations  on  the  Wind-Bighorn 
River  and  Northern  Cheyenne  Indian  Reservation  that  borders  on  the  Tongue 
River  in  Montana.   Neither  the  Clarks  Fork  nor  the  Powder  Rivers  are  affected 
by  Indian  reserved  water  rights.   Waters  from  these  two  streams  would  not 
be  affected  by  the  Indian  water  rights  issues  whereas  the  Indian  claims  on 
the  Bighorn  and  Tongue  Rivers  could  affect  uses  from  those  streams  in  the 
future. 

Downstream  commitments  of  water  supplies  have  been  shown  in  the  past  to 
become  dependent  upon  water  supplies  originating  in  upstream  states.   In 
the  Pick-Sloan  Missouri  Basin  Project,  however,  the  Milliken-O'Mahoney 
amendment  specified  that  consumptive  uses  of  water  occurring  in  the  states 
west  of  98th  meridian  were  to  have  preference  over  navigation  in  the  Lower 
Missouri  River.   Thus,  the  upstream-downstream  water  commitment  issue  for 
the  Yellowstone  River  Basin  appears  limited  to  the  states  of  Wyoming,  Montana, 
and  North  Dakota  because  the  huge  flows  in  the  Missouri  River  are  more  than 
adequate  to  supply  the  consumptive  water  needs  of  downstream  states,  and 
instream  use  for  navigation  cannot  require  water  bypasses  away  from  upstream 
consumptive  uses. 

Commitment  of  water  to  instream  flows  could  also  reduce  the  quantities 
of  water  supplies  available  for  man's  consumptive  uses  from  the  Yellowstone 
River  and  its  tributaries.   Commitment  of  water  to  instream  flows  apparently 
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was  not  contemplated  in  the  Yellowstone  River  Compact,  at  least  not  flows  at 
the  mouths  of  the  interstate  tributaries,  as  Article  V  of  the  compact  indicates 
that  additional  diversion  of  water  for  consumptive  uses  could  be  made  in  Wyoming 
and  Montana  so  long  as  there  is  streamflow  at  the  compact  stream  gages.   Of 
course,  it  might  be  possible  for  either  Montana  or  Wyoming,  or  both  states,  to 
allocate  a  portion  of  their  compact  water  supply  to  instream  flow. 

Another  factor  that  can  greatly  affect  availability  of  water  for  the 
Montana-Wyoming  coal  industry  is  the  political  opposition  of  diversions  of  water 
for  industrial  purposes  whether  such  uses  are  inside  or  outside  of  the  Yellow- 
stone River  Basin,   For  example,  possible  political  opposition  might  preclude 
commitment  of  water  originating  in  the  Wind-Bighorn-Clarks  Fork  River  Basin  for 
industrial  use  that  would  be  diverted  downstream  for  use  in  Eastern  Montana- 
Wyoming  coal  industries. 

Benefits  of  a  Plan 

A  plan  allowing  for  a  given  quantity  of  municipal-industrial  water  could 
result  in  the  satisfactory  quantification  of  remaining  water  supplies  that 
could  remain  available  for  other  uses  on  the  various  interstate  tributaries  of 
the  Yellowstone  River  in  both  Wyoming  and  Montana.   The  adoption  of  such  a  plan 
along  with  identification  of  multipurpose  water  development  projects  would 
enhance  the  agriucltural,  municipal,  recreational  development  of  the  entire 
Yellowstone  River  Basin  while  providing  for  the  industrial  water  supplies.   The 
possibility  needs  to  be  explored  of  establishing  an  industrial  water  supply 
repayment  program  from  which  funding  could  be  derived  for  participating  agri- 
cultural and  multipurpose  water  projects.   The  production  of  hydro-electric 
power  has  traditionally  been  used  for  established  funding  for  participating 
irrigation  projects.  Why  not  also  use  industrial  water  sales  to  provide  for 
participating  water  projects? 

Adoption  of  a  plan  could  also  enhance  or  conserve  environmental  attri- 
butes in  a  variety  of  ways.   An  example  would  be  diversion  of  water  for  industry 
at  a  downstream  location,  thereby  insuring  instream  flows  to  that  point  and  per- 
haps not  even  requiring  new  storage  facilities.   Another  example  would  be  con- 
struction of  a  reservoir  which  could  include  the  function  of  regulating  high 
and  low  flows  into  improved  downstream  flows. 

II.    Future  Conditions  Without  a  Plan 

Future  conditions  without  a  plan  are  very  difficult  to  predict.   It  could 
be  that  individual  companies  will  continue  to  proceed  on  an  individual  basis 
to  procure  water  supplies  by  relatively  small  water  development  projects  that 
are  relatively  uncoordinated  and  non-interrelated.   It  is  also  quite  likely 
that  some  industrial  companies  will  continue  the  practice  of  acquiring  already 
developed  irrigation  water  rights  and  transferring  water  use  to  industrial  use, 
which  would  also  require  construction  of  additional  reservoirs  in  the  process. 

In  the  absence  of  a  planned,  coordinated  program,  agricultural  potential 
of  the  Wind-Bighorn-Clarks  Fork  River  Basin  would  not  benefit  from  funding 
which  could  result'  from  an  integrated  agricultural-energy  water  development  and 
management  program.   If,  however,  an  acceptable  plan  can  be  derived  it  may  be 
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possible  to  provide  water  supplies  for  supplemental  and  new  land  irrigation 
along  with  improved  stream  flows  and  recreational  opportunities  as  an  adjunct 
to  the  development  of  industrial  water  supplies.   Ideally,  a  plan  might  be 
derived  which  could  receive  enough  support  to  achieve  a  participating  program 
to  enhance  the  industrial,  agricultural,  and  recreational  economies  of  the 
area. 

Several  water  projects  in  Wyoming  that  will  provide  industrial  water 
supplies  are  now  being  developed.   Although  two  of  the  presently  ongoing  water 
developments  are  not  in  the  Yellowstone  Basin  and  adjacent  coal  area,  coal  from 
the  study  area  will  be  utilized  with  the  water  supplies,  and  these  uses  should 
be  considered  as  part  of  the  projected  coal  and  water  development  for  the  study 
area.   These  constructed  or  committed  projects  include: 

1.  Lake  DeSmet  Enlargement;  total  capacity  200,200  acre-feet  active,  and 
39,000  acre-feet  dead  storage;  estimated  water  supply  -  60,000  acre-feet  per 
year  industrial  water  supply.   (Texaco) 

2.  Middle  Fork  Powder  River  Reservoir;  total  capacity  estimated  indus- 
trial water  supply  -  25,000  acre-feet  per  year,  supplemental  supply  averaging 
5,500  acre-feet  per  year  for  agriculture.   (Carter  Oil  and  Arco) 

3.  Rehabilitation  of  LaPrele  Dam  (tributary  of  North  Platte  River),  diver- 
sion of  North  Platte  surplus  waters,  and  Madison  wells;  estimated  water  supply 

A, 800  acre-feet  per  year.   (Panhandle  Eastern  Pipeline  Company,  270  million 
cubic  feet  per  day  coal  gasification  plant) 

4.  Grayrocks  Dam  on  Laramie  River,  groundwater  wells,  and  water  rights 
transfer;  total  storage  capacity  104,100  acre-feet;  industrial  water  supply 
30,650  acre-feet  per  year,  irrigation  water  supply,  22,000  acre-feet  per  year 
for  the  Corn  Creek  project  in  Goshen  County.   (Laramie  River  Station  of  Basins 
Electric,  1,500  raw)   (Note:   The  Corn  Creek  project  includes  storage  water 
from  Clendo  Reservoir) 

5.  Madison  wells  of  Energy  Transportation  System,  Incorporated  in  Niobrara 
County  (40  well  permits  granted);  water  supply  -  15,000  acre-feet  per  year  for 
coal  slurry  pipeline  purposes. 
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INTRODUCTION 

The  purpose  of  this  issue  paper  is  to  outline  the  fish  and  wildlife 
considerations  which  should  be  included  in  the  Missouri  River  Basin  Commission's 
plan  for  the  conservation,  development,  and  management  of  the  waters  and 
related  land  resources  in  the  Yellowstone  Basin.   This  paper  deals  primarily 
with  those  specific  issues  relevant  to  the  Wyoming  portions  of  the  Wind-Bighorn 
and  Clark's  Fork  River  Drainages. 

The  Wyoming  Game  and  Fish  Department  under  direction  of  the  Wyoming  Game 
and  Fish  Commission  is  legally  charged  with  the  "control,  propagation,  manage- 
ment, protection,  and  regulation  of  all  Wyoming  wildlife."    To  better  fulfill 
this  responsibility  the  Game  and  Fish  Department  has  formulated  a  long-range 
plan  for  management  of  the  state's  fish  and  wildlife  resources.   Copies  of  that 
plan,  entitled  A  Strategic  Plan  for  the  Comprehensive  Management  of  Wildlife 
In  Wyoming,  will  be  provided  to  the  study  team  with  this  issue  paper,  and  much 
of  the  information  in  this  paper  has  been  extracted  from  the  Strategic  Plan. 
It  should  be  noted  that  infonnation  in  the  Strategic  Plan  represents  the  best 
data  currently  available  to  the  Department  and  this  data  supersedes  any  infor- 
mation previously  furnished. 

KXISTING  SITUATION 
For  discussion  and  planning  purposes  Wyoming's  fish  and  wildlife  resources 
are  categorized  as  follows: 

I.   Terrestrial  wildlife 

A.  Big    game 

B.  Small    game 
i          C.      Furbearers 

D.      Raptors 
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E.  Nongame  birds  and  mammals 

F.  Endangered  and  threatened  terrestrial  wildlife 
II.   Aquatic  wildlife 

A.  Sport  fisheries 

B.  Commercial  fisheries 

C.  Other  fishes 

D.  Amphibians,  reptiles,  and  mollusks 

E.  Endangered  and  threatened  aquatic  wildlife 
I.   Terrestrial  wildlife 

A.  Big  game  (see  Strategic  Plan,  pages  9-37,  56-64;  Wyoming's 
Hunting  and  Fishing  Resources,  1970;  pages  45-81.) 

All  of  Wyoming's  big  game  species  are  present  within  the  boundaries 
of  the  Wind-Bighorn  and  Clark's  River  Drainages.   Table  1  (next 
page)  gives  estimated  post-season  populations,  the  1975  projected 
harvest,  and  the  projected  number  of  hunter  days  by  species  for 
the  region. 

B.  Small  game  (see  Strategic  Plan,  pages  38-64;  Wyoming's  Hunting  and 
Fishing  Resources,  1970;  pages  45-81.)   Population  estimates  are 
not  available  for  small  ga  >ie  species.   Projected  1975  harvest  and 
recreation  days  for  this  region  are  presented  in  Table  2  (next 
page) . 

C.  Furbearers  (see  Strategic  Plan,  pages  89-91;  Planning  Report  8G) . 
Furbearers  refers  (:o  those  mammalian  species  whose  pelts  are 
actually  or  potentially  of  commercial  value.   Furbearing  species 
present  in  this  region  include  coyote,  red  fox,  lynx,  bobcat, 
spotted  skunk,  striped  skunk,  river  otter,  raccoon,  marten,  fisher, 


Table  1.   Big  Game.   Postseason  populations,  1975  projected  harvest,  and 
recreation  days  for  Game  Districts  2  and  6.* 


Species 


Pos  tseason 
Population 


Harvest 


Recreation 
Days 


Antelope 
Mule  Deer 
Whitetail  Deer 
Elk 
Moose 

Bighorn  Sheep 
Mountain  Goat 
Black  Bear 
Grizzly   Bear 


13,350 

53,700 

600 

19,320 

850 

1,750 

70 

475 

80 


2,900 

12,145 

0 
5,015 

!<7 

75 

4 

65 

u 


5,800 

70,441 

0 

70,210 

369 

2,250 

16 

2,600 

0 


-'Game  District  6  contains  some  lands  in  the  Groat  Divide  Basin  and  North 
Platte  River  Drainage  (see  map  page  56  of  the  Strategic  Plan). 


Table  2.   Small  game.   Projected  1975  harvest  and  recreation  days  for  Game 
Districts  2  and  6. 


Species 


Cottontai 1  Rabbi  t 

Squirrels 

Snows hoe  Hare 

Pheasant 

Sage  Grouse 

Partridge 

Mountain  Grouse 

key 
Ducks 
126Lse 


Harvest 

10 

, ; .  U 

357 

208 

8 

,500 

7 

,750 

6: 

,000 

2 

,290 

13 

27 ; 

114 

1: 

004 

Recreation  Days 


15,417 

238 

208 

9,444 

4,079 

6,666 

2,290 

43 

18,029 

5,02,0 


ermine,  weasel,  mink,  badger,  and  possibly  the  wolverine  and 
black- footed  ferret.   Little  information  is  presently  available  on 
population  levels,  distribution,  and  utilization  of  these  species. 
The  commercial  value  of  this  resource  has  not  been  quantified,  but 
the  harvest  of  coyotes,  bobcats,  and  red  foxes  is  quite  substantial 
in  this  region  in  terms  of  numbers  and  dollar  volume.   Information 
presently  available  on  Wyoming's  fur  animals  is  contained  in  Wyoming 
Game  and  Fish  Department  Planning  Report  Number  8G. 

D.  Raptors  (see  Stragetic  Plan,  pages  95-6;  Wyoming  Hawks . ) 
Approximately  32  species  of  raptorial  birds  are  known  or  thought 
to  occur  within  Wyoming.   In  1974,  thirteen  persons  were  licensed 
to  possess  raptors  for  the  purpose  of  falconry  and  43  permits 
were  issued  for  the  capture  of  falcons.   Little  is  known  regarding 
raptor  populations  in  the  study  area.   Information  on  Wyoming's 
raptors  is  contained  in  Wyoming  Game  and  Fish  Bulletin  5  entitled 
Wyomin g  Hawk s_. 

E.  Nongame  birds  and  mammals  (see  pages  101-104  Strategic  Plan, 
Planning  Report  IN.) 

Public  interest  in  nongame  wildlife  and  nonconsumptive  use  of  all 
wildlife  is  rapidly  increasing.   Wyoming  has  approximately  58 
species  of   nongame  mammals  and  263  species  of  nongame  birds, 
many  of  which  occur  in  the  study  area.   Information  on  nongame 
mammals  is  contained  in  Wyoming  Came  and  Fish  Department  Planning 
Report  Number  IN.   A  new  Game  and  Fish  publication  on  population 
status  of  all  Wyoming  wildlife,  including  nongame  birds,  should  be 
available  by  August  1976.   The  recreational  and  economic  importance 


12^ 


of  nongarne  wildlife  and  nonconsumptive  uses  of  all  wildlife  has  not 

been  determined. 

Endangered  and  threatened  terrestrial  wildlife. 

This  category  includes  terrestrial  wildlife  species  listed  by  the 

U.S.  Fish  and  Wildlife  Service  as  endangered  or  threatened  with 

extinction. 

1.  Grizzly  bear  (pages  35-36  Strategic  Plan) .  Approximately  80 
grizzly  bear  seasonally  occupy  the  western  portions  of  the 
study  area  outside  of  Yellowstone  Park.   Grizzly  bears  have 
not  been  hunted  in  Wyoming  since  the  1974  season  when  7  bears 
were  taken  by  special  permit  holders.   This  species  is  con- 
sidered threatened  by  the  U.S.F.W.S. 

2.  Northern  Rocky  Mountain  Wolf  (pages  89-91  Strategic  Plan.) 
This  species  possibly  occurs  in  Yellowstone  Park  and  portions 
of  the  study  area  along  the  Park's  eastern  boundary.   There 
is  no  information  on  population  density  and  distribution. 

If  wolves  are  present  in  this  area,  it  is  not  known  if  they 
are  in  fact  Northern  Rocky  Mountain  wolves  (Can is  lupus 
i_rrq;iioj^i|£)  .   This  species  is  considered  endangered  in  Wyoming. 

3.  Black- footed  ferret  (pages  89-91  Strategic  Plan).  This  species 
could  occur  in  the  study  area,  but  its  presence  there  is  uncon- 
firmed.  Tlie  black-footed  ferret  is  considered  endangered. 

4.  Perc;  i  Lne  falcon  (pages  95-96  S  Crate;  ir  f1nn;_  Wyoming  Hawk;  .  ) 
The  pei        falcon  is  a  resident  species  within  the  study 

ugh  little  is  known  regarding  density  and  distribution. 
Tliis         is  cla      d  as  endangered. 
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II.   Aquatic  Wildlife 

A.   Sport  fisheries  (see  Strategic  Plan,  pages  65-76,  79-80;  Wyoming 
Fishes;  stream  and  lake  inventory;  Stream  Classification  Map; 
Wyoming's  Hunting  and  Fishing  Resources  1970,  pages  45-81) . 
The  3,868  miles  of  stream  and  71,390  acres  of  standing  water  within 
the  study  area  provide  an  excellent  sport  fishery.   Table  3  sum- 
marizes fishing  use  and  the  total  biological  supply  of  fishing 
opportunity  for  the  Wind-Bighorn  and  Clark's  Fork  River  drainages. 
These  figures  also  include  the  headwaters  of  the  Yellowstone  River 
outside  of  Yellowstone  National  Park. 


Table  3.  Estimated  1975  use  and  biological  supply  of  fishing  opportunity  for 
the  Wind-Bighorn,  Clark's  Fork,  and  Yellowstone  River  (exclusive  of 
YNP)  drainages  in  Wyoming. 


1975  Use 


Supply  on  Public   °L   on  Public 
Lands  and/or     Lands  and/or 
Total  Supply   Access  Permanently  Access  Perma- 
(fisherman  days)     Guaranteed   nently  Guaranteed 


Streams 

Lakes  and 
Reservoirs 


TOTAL 


378,614 
391,473 


770,087 


681,869 


1,437,555 


2,119,424 


487,801 


1,371,991 


1,859,792 


71.54 


95.44 


87.75 


Commercial  fisheries  (see  pages  92-94  Strategic  Plan) .   Commercial 
fishing  activities  in  this  region  are  presently  limited  to  the  har- 
vest of  minnows  for  private  use  or  sale  as  fishing  bait.   Four 
reservoirs  in  this  area;  Ocean  Lake,  Boysen  Reservoir,  Buffalo 
Bill  Reservoir,  and  Big  Horn  Lake;  have  potential  for  future  com- 
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mercial  exploitation  of  rough  fish.   Collectively  these  reservoirs 
could  produce  an  estimated  average  yield  of  71  tons  of  fish  annually. 

C.  Other  fishes  (see  pages  105-106  Strategic  Plan;  Wyoming  Fishes) . 
There  are  approximately  39  species  of  fish  found  within  the  study 
area.   Consumptive  or  nonconsumptive  utilization  by  man  is  very 
limited  except  for  game  and  commercial  species.   All  fishes, 
however,  are  vitally  important  for  their  intrinsic  and  ecological 
values.   Life  history,  taxonomic,  and  distribution  information  for 
all  species  is  contained  in  the  publication  entitled  Wyoming 
Fishes . 

D.  Amphibians,  reptiles,  and  mollusks  (see  Strategic  Plan;  pages  107- 
110',  Planning  Report  3N)  .   These  species  are  primarily  important 
for  their  intrinsic  and  ecological  values.   Information  on  Wyoming's 
amphibians  and  reptiles  is  contained  in  Wyoming  Game  and  Fish 
Department  Planning  Report  Number  3N.   No  information  is  available 
on  the  density  or  distribution  of  mollusks. 

E.  Endangered  and  threatened  aquatic  wildlife  (see  Wyoming  Fishes, 
Planning  Report  3N,  pages  105-106  Strategic  Plan) .   On  a  national 
basis  none  of  the  fishes,  amphibians,  reptiles,  or  mollusks  in  the 
study  area  are  considered  threatened  or  endangered  by  the  U.S. 
Fish  and  Wildlife  Service.   Sevei'al  species  of  fish,  amphibians, 
and  reptiles  found  in  the  study  area  are  peripheral  in  Wyoming  and 
could  beco  le  threatened  within  the  state  if  proper  precautions  aren't 
taken  in  planning  of  future  developments.   Wyoming  Fishes,  Came  and 
Fish  Planning  Report  3N,  and  the  Strategic  Plan  briefly  discuss 
these  sp     .   This      cl  will  be  treated  further  in  the  forth- 


-ja 


coming  publication  on  the  population  status  of  all  Wyoming  wildlife 
to  be  released  August  1976. 

1980  AND  LONG-RANGE  OBJECTIVES 

Following  is  a  reiteration  of  the  objectives  from  the  Wyoming  Game  and  Fish 
Department's  Strategic  Plan;  all  objectives  should  be  considered  in  light  of 
the  major  goals  and  management  framework  under  each  program  of  the  plan. 

I.   Terrestrial  wildlife 

A.  Big  game  (see  Strategic  Plan,  pages  14-37,  56-64).   On  a  statewide 
basis  big  game  objectives  were  set  for  1980,  1985,  and  1990. 
Regional  objectives  were  set  for  1980  only.   The  1980  objectives  _ 
by  species  for  Game  Districts  2  and  6  are  given  in  Table  4  (next 
page).   The  projected  change  from  1980  to  1990  is  also  shown;  the 
1990  figures  are  based  on  state-wide  trends  and  do  not  necessarily 
represent  the  future  objectives  for  these  districts. 

B.  Small  Game  (see  Strategic  Plan,  pages  38-64). 

The  1980  objectives  and  statewide  projected  change  in  harvest  and 
recreation  days  for  small  game  animals  are  presented  in  Table  5 
(page  10) . 

C.  Furbearers  (see  Strategic  Plan,  pages  89-91). 

The  1-980  objective  for  furbearers  is  to  determine  the  population 
status  and  harvest  potential  of  each  species. 
D  &  E.   Raptors  (see  Strategic  Plan,  pages  95-96). 

The  1980  objective  for  raptors  and  nongame  birds  and  mammals  is 
to  initiate  and  maintain  a  current  status  and  inventory  of  all 
species  and  estimate  the  recreational  and  esthetic  importance  of 
this  segment  of  the  wildlife  resources. 
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Table  4.   Big  Game  1980  Objectives  for  Districts  2  and  6.   Statewide  Projected 
Change  in  Population,  Harvest,  and  Recreation  for  the  Year  1990  as 
Compared  to  1980  Base. 

Statewide  Projected  Change 
1980  Objectives  1980-1990 

Post 
Post  Season  Recreation    Season  Recrea- 

Species      Population   Harvest     Days     Population   Harvest    tion 


Antelope 

14,600 

3 

,150 

6,930 

-  17. 

-   27. 

+  24% 

Mule  Deer 

61,600 

13; 

,875 

83,250 

+157. 

+  237. 

+  347. 

Whitetail  Deer 

700 

50 

275 

-17% 

-  147. 

+  227. 

Elk 

17,820 

4: 

,565 

68,475 

+  27. 

+  37. 

+  177. 

Moose 

950 

115 

460 

07. 

07. 

07. 

Bighorn  Sheep 

1,900 

88 

2,640 

+  97. 

+  207. 

+  207. 

Mountain  Goat 

80 

k 

16 

+257. 

+  507. 

+  507. 

Black  Bear 

475 

70 

2,800 

07. 

+  87. 

+  87. 

Grizzly  Bear 

100 

5 

200 

+407. 

+1007. 

+1007. 

F.   Endangered  and  threatened  terrestrial  wildlife. 

Regional  objectives  for  grizzly  bear  are  presented  in  Table  4. 
No  specific  objectives,  as  such,  are  set  for  other  endangered  or 
threatened  species,  but  the  following  actions  are  suggested  in  the 
plan: 

1.   Northern  Rocky  Mountain  Wolf  and  Black- footed  Ferret,  (see 
furbearer  program,  page  90,  Strategic  Plan) . 
a.   Enact  legislation  placing  the  primary  authority  for  the 

management  of  all  forbearing  wildlife  with  the  Wyoming  Game 
Fish  Department. 
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Table  5.   Small  Game  1980  Objectives  for  Districts  2  and  6.   Statewide  Pro- 
jected Change  in  Population,  Harvest  and  Recreation  for  the  Year 
1990  as  Compared  to  1980  Base. 


1980  Objectives 


Statewide  Projected  Change 
1980-1990 


Recreation 

Recreation 

Species 

Harvest 

Days 

Harvest 

Days 

Cottontail 

37,000 

18,500 

+ 

407. 

4407. 

Squirrel 

429 

286 

+ 

397. 

+397. 

Snowshoe 

250 

250 

+ 

467. 

+467. 

Pheasant 

5,650 

8,071 

- 

187. 

+227. 

Sage   Grouse. 

8,600 

5,058      ■ 

07. 

+717.   : 

Partridge 

7,100 

8,875 

1- 

567. 

+567. 

Mountain  Grouse 

2,600 

2,600 

f 

837. 

+837. 

Turkey 

12 

40 

4- 

257. 

+257. 

Ducks 

40,972 

27,314 

+  407. 

+407. 

Geese 

2,009 

10,045 

+1807. 

+127. 

Note:   There  is  also  a  statewide  1980  concerning  all  game  species  which  calls 

for  the  development  of  at  least  5  interpretive  sites  for  the  nonconsumptive 
use  of  game  animals  in  their  natural  habitat. 


Remove  the  designations  of  "Protected  Animals"  and 
Predatory  Animals"  from  the  Wyoming  Game  and  Fish  Laws 
and  designate  all  furbearers  as  "Fur  Bearing  Animals." 
There  is  no  practical  method  by  which  wolves  in  Wyoming  can 
be  identified  as  the  Northern  Rocky  Mountain  Wolf  subspecies, 
Modify  the  existing  regulations  to  include  wolves  (species: 
Canis  lupus)  and  stipulate  a  specific  geographic  region(s) 
within  which  they  are  to  be  treated  as  endangered  species. 
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d.   Determine  the  population  density  and  distribution  of 

endangered  furbearing  species  and  take  the  necessary  steps 
to  ensure  their  continued  maintenance  or  increased  produc- 
tion. 
2.   Peregrine  Falcon  (see  raptors  program,  page  96,  Strategic  Plan) . 
a.   Determine  the  population  density  and  distribution  of  pere- 
grine falcons  in  the  state  and  take  the  necessary  steps  to 
insure  their  continued  maintenance  or  increased  production. 
II.   Aquatic  Wildlife 

A.   Sport  Fisheries  (see  Strategic  Plan,  pages  65-76,  79-80).. 

The  1980  regional  objectives  for  the  sport  fisheries  program  call" 
for  meeting  the  1980  projected  use  of  sport  fishing  opportunity 
(see  page  79,  80,  Strategic  Plan) .   It  can  be  assumed  that  the 
1985  and  1990  regional  objectives  will  also  call  for  meeting  the 
projected  use  in  those  years.   The  projected  use  of  sport  fishing 
opportunity  for  1980,  1985,  and  1990  is  presented  in  Table  6. 

Table  6.   Projected  Use  of  Sport  Fishing  Opportunity  in  the  Wind-Bighorn,  Clark's 
Fork,  and  Yellowstone  (exclusive  of  YNP)  River  Drainages  of  Wyoming. 

Use  in  Fisherman  Days 

1980  1985  1990 

Streams  404,699  437,593  476,033 

Lakes  and  Reservoirs  418,444  452,456  492,200 

Total  823,143  890,049  968,233 
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B.  Commercial  Fisheries  (see  Strategic  Plan,  pages  92-94). 

The  1980  objective  for  commercial  fisheries  is  to  complete  initial 
assessment  of  commercial  fisheries  potential  for  the  major  waters 
of  the  state. 

C.  Other  Fishes  (see  Strategic  Plan,  pages  105-106). 

The  1980  objectives  relative  to  all  Wyoming  fish  species  are  as 
follows: 

1.  Maintain  a  current  status  and  inventory  of  all  fishes  and 
estimate  the  nonconsumptive  recreational  and  esthetic  impor- 
tance of  this  segment  of  the  wildlife  resource. 

2.  Locate  and  develop  at  least  2  additional  interpretive  sites  for 
the  nonconsumptive  use  of  fishes. 

D.  Amphibian,  Reptiles,  and  Mollusks  (see  Strategic  Plan,  pages  107- 
110).   The  1980  objectives  are  as  follows: 

1.  Initiate  and  maintain  a  current  status  and  inventory  of  all 
amphibians  and  reptiles  and  estimate  the  recreational  and  esthetic 
importance  of  this  segment  of  the  wildlife  resource. 

2.  Identify  and  protect  habitats  containing  rare  species  of  mollusks. 

E.  Threatened  and  endangered  aquatic  wildlife. 

This  section  is  not  applicable  at  this  time,  though  recommendations 
from  the  Department's  publication  on  the  population  status  of  all 
species  should  be  considered  when  that  publication  becomes  available 
in  August,  1976. 

PROBLEMS  AND  STRATEGIES 
Many  of  the  needed  actions,  policies,  and  programs  which  should  be  included 
in  the  Yellowstone  Basin  Level  B  Plan  are  presented  below.   Problems  are  obstacles 
which  stand  in  the  way  of  meeting  long-range  wildlife  objectives.   Strategies 
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are  alternatives  or  possible  approaches  to  solving  problems  and  accomplishing 
objectives.   The  strategies  in  regular  type  are  suggestions  for  action  by  the 
Wyoming  Game  and  Fish  Department.   The  underlined  strategies  are  actions  needed 
from  others,  and  these  actions  are  footnoted  as  follows: 

■'■Actions  needed  from  the  state  and/or  federal  legislature. 

^Actions  needed  from  other  government  agencies. 

^Actions  needed  from  the  general  public,  private  organizations,  or  industry. 
Most  of  these  problems  and  strategies  are  from  various  programs  of  the  Strategic 
Plan. 

1.  CONFLICTING  USES  OF  LAND  AND  WATER  ARE  ALTERING  HABITATS  THUS  CAUSING  A  SERIOUS 
REDUCTION  IN  WILDLIFE  CARRYING  CAPACITY. 

a.  Develop  and  implement  more  effective  methods  of  environmental  surveillance. 

b.  Recommend  alternatives  and/or  mitigation  for  federal,  state  and  private 
projects  that  would  cause  degradation  of  critical  wildlife  habitat. 

c.  Participate  actively  in  federal,  state  and  local  land  use  planning. 

d.  Seek  additional  sources  of  revenue  to  help  defray  costs  of  environmental 
protection  work. 

e.  Coordinate  efforts  with  land  management  agencies  to  insure  adequate  con- 
sideration for  wildlife  in  their  long  range  plans. 

f .  Enact  legislation  recognizing  wildlife  and  recreation  as  beneficial  uses 
of  land  and  water. 1 

g .  Enact  legislation  requiring  mitigation  of  and  replacement  in  kind  for  losses 
of  wildlife  and  degradation  of  habitat.  *- 

h.   Enact  statewide  land  use  standards  which  provide  protection  to  critical  - 
wildlife  habitat. 1 

i .   Enact  legislation  including  all  federal  actions  under  the  Fish  and  Wild- 
life Coordination  Act. 1 

j .   Coordinate  land  use  practices  to  be  better  in  harmony  with  the  needs  of 
wildlife. Z»3  • 

k .   S eek  and  follow  advice  from  wildlife  professionals  in  the  planning  phase 
of  development  operations. 3 

1.   Enact  a  state  Fish  and  Wildlife  Coordination  Act.l 

2.  DESTRUCTION  AND  ALTERATION  OF  AQUATIC  HABITATS  HAVE  SERIOUSLY  DIMINISHED  THE 
PRODUCTION  OF  SPORT  FISHERIES  AND  WATERFOWL. 

a.  Recommend  alternatives,  preventative  measures,  compensation,  or  mitigation 
for  all  projects  and  practices  which  diminish  the  quality  of  aquatic 
habitat . 

b.  Negotiate  for  more  suitable  water  conditions  during  periods  critical  to 
fish  and  waterfowl. 

c.  Negotiate  for  minimum  pools  and  minimum  flows  on  all  waters  with  signi- 
ficant fisheries  and/or  waterfowl  potential. 
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d.  Encourage  private  landowners,  developers,  and  other  agencies  to  employ 
practices  which  are  not  detrimental  to  aquatic  habitat. 

e.  Develop  and  implement  methods  to  prevent  damage  to  aquatic  habitat  result- 
ing  from  logging,  mining,  and  livestock  operations .^>^ 

f .  Investigate  and  correct  over-appropriation  of  water  from  streams  which 
are  temporarily  dewatered.2 

g.  Enact  legislation  requiring  adequate  minimum  pools  and  minimum  stream 
flows  on  all  water  projects,  with  the  costs  of  such  features  carried 
as  project  costs. 1 

h.   Enact  legislation  requiring  approval  from  the  State  Engineer  or  other 
authority  before  a  stream  channel  can  be  altered. J- 

i.   Enact  statewide  regulations  designed  to  protect  stream  channels. 1»2 

j .   Enact  legislation  requiring  compensation  and/or  mitigation,  as  recom- 
mended by  the  Game  and  Fish  Department  on  all  projects  which  detrimentally 
alter  aquatic  habitat;  costs  of  such  features  should  be  carried  as  project 
costs. 1 

k.   Consult  with  Department  personnel  during  the  planning  phase  of  all  projects 
which  will  alter  aquatic  habitat. 3 

THE  RAPID  INCREASE  IN  WYOMING'S  HUMAN  POPULATION  WILL  RESULT  IN  INCREASED 
DEMAND  FOR  WILDLIFE-RELATED  RECREATION. 

a.  Develop  and  implement  methods  whereby  recreational  opportunity  can  be 
provided  to  more  people  while  still  maintaining  the  quality  and  diversity 
of  wildlife-related  recreation. 

b.  Determine  effects  of  increasing  human  impacts  on  wildlife  population 
dynamics  and  distribution. 

c.  Develop  and  implement  standardized  methods  for  regularly  monitoring 
demand  for  wildlife-related  recreation. 

d.  Increase  Departmental  emphasis  on  redistribution  of  wildlife  users. 

e.  Increase  populations  of  desired  wildlife  species  which  are  below  the 
carrying  capacity  of  their  habitat. 

FUTURE  DEVELOPMENT  OF  GROUNDWATER  COULD  SERIOUSLY  AFFECT  SOME  WILDLIFE  POPU- 
LATIONS BY  DRYING  UP  SPRINGS  AND  SMALL  STREAMS  IN  THE  ARID  REGIONS  OF  THE 
BIGHORN  BASIN. 

a .  All  groundwater  use  permits  should  be  issued  on  the  condition  that  ground- 
water  use  will  not  affect  surface  water  supplies  critical  to  wildlife 
needs . L > ^ 

b .  Develop  and  implement  a  system  for  monitoring  small  springs  and  inter- 
mittent streams  which  may  be  vital  to  survival  of  wildlife  populations . ^ 

MANY  STREAMS  IN  THIS  REGION  ARE  BEING  SERIOUSLY  AFFECTED  BY  CHANNELIZATION 
AND  DEWATERING. 

a.  Encourage  landowners  to  use  stream  stabilization  techniques  which  mini- 
mize detrimental  effects  on  aquatic  habitat,  and  provide  consulting  in 
the  design  of  such  projects. 

b.  Inform  landowners  of  the  serious  losses  of  property  and  fish  and  wildlife 
habitat  which  often  results  from  unregulated  stream  alteration. 

c.  Investigate,  recommend,  and  seek  minimum  stream  flows  required  to  main- 
tain and  protect  fisheries  and  waterfowl  habitat. 

d .  Enact  land  use  plans  and  land  use  regulations  to  protect  stream  channels .  » ^ 

e .  Investigate  and  correct  over-diversion  of water  from  streams  in  this 

area. 2 
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f .   Seek  hydrological  expertise  before  altering  stream  channels. 3 

6.  IRRIGATION  PROJECTS  CAUSE  HEAVY  SILTATION  IN  MANY  OF  THE  WATERS  OF  THIS 
REGION. 

a.   Encourage  use  of  irrigation  practices  which  minimize  siltation  problems. 

7.  CONSTRUCTION  OF  NEW  RESERVOIRS  MAY  CAUSE  A  NUMBER  OF  PROBLEMS  SUCH  AS  IN- 
CREASED MANAGEMENT  COSTS,  DESTRUCTION  OF  STREAM  HABITAT,  AND  INCREASED  PROB- 
LEMS WITH  ROUGH  FISH. 

a.  Participate  actively  during  the  planning  phase  of  reservoir  developments. 

b.  Conduct  the  research  necessary  in  order  to  develop  more  sophisticated 
reservoir  management  techniques. 

c.  Consult  with  the  Game  and  Fish  Department  prior  to  and  during  the  planning 
phase  of  reservoir  development. 2 , 3 

d.  Budget  funds  to  cover  conservation  pools,  minimum  stream  f lows ,  and  initial 
establishment  of  fisheries  and  waterfowl  populations  as  project  costs  on 
new  reservoirs.  *■>•* 

8.  MUCH  OF  THE  WILDLIFE -RELATED  RECREATIONAL  OPPORTUNITY  IS  UNAVAILABLE  TO  THE 
GENERAL  PUBLIC  DUE  TO  A  VARIETY  OF  ACCESS  PROBLEMS. 

a.  Work  for  better  Department-public- landowner  relations  in  an  effort  to  _. 
increase  access  on  and  across  private  lands. 

b.  Develop  a  system  whereby  potential  acquisitions  and  easements  can  be 
prioritized  on  a  cost/benefit  basis. 

c.  Enter  into  cooperative  agreements  providing  for  access  to  private,  munici- 
pal, industrial  lands  and  waters  in  exchange  for   departmental  services. 

d .  Enact  legislation  requiring  identification  of  all  public  lands . 1 

e .  Eliminate  the  "redtape"  involved  in  acquiring  land  and  easements . 1 > 2 

f .  Increase  awareness  of  available  public  land  by  proper  marking  and 
mapping. 2 

g .  Enter  into  cooperative  agreements  with  the  Game  and  Fish  Department  re- 
garding use  of  public   lands  by  wildlife  and  recreationis  ts .  2 

h.   Make  land  exchanges  only  when  opportunity  for  wildlife-related  recreation 
will  be  maintained  or  enhanced. 2 

i .   Permit  wildlife-related  recreation  on  private  lands  and  waters  when  not 
in  conflict  with  other  land  uses . 3 

j .   Provide  additional  funds  earmarked  for  land,  water,  and  access  acquisi- 
tion. 1 

9.  DRAINAGE  OF  WETLANDS  IN  NORTH  AMERICA  REDUCES  WATERFOWL  PRODUCTION  AREAS. 
a.   Protect  and  manage  wetlands  to  maintain  the  habitat  available  to  ducks 

in  Wyoming. I 

10.   LAND  USE  AND  HABITAT  CHANCES  ARE  RESULTING  IN  A  LOWERED  CARRYING  CAPACITY  FOR 
DEER  IN  SOME  AREAS. 

a.  Define  and  where  possible  improve  the  available  mule  deer  winter  range. 

b.  Reduce  competition  between  mule  deer  and  elk  or  livestock  in  areas 
selected  primarily  for  the  production  of  mule  deer. 

c .  Implement  practices  beneficial  to  mule  deer  habitat .2,3 
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11.  PHEASANTS  ARE  LOCATED  PRIMARILY  ON  PRIVATE  LANDS  AND  PRESENT  AGRICULTURAL 
PRACTICES  ARE  DECREASING  THE  QUANTITY  AND  QUALITY  OF  AVAILABLE  HABITAT. 

a.  Encourage  private  landowners  and  land  management  agencies  to  maintain 
and  improve  habitat  for  pheasants. 

b.  Inform  the  public  that  pheasants  must  have  suitable  habitat  to  survive 
and  that  high  population  levels  cannot  be  maintained  without  adequate  food 
cover. 

12.  LACK  OF  ADEQUATE  WATER  ON  SOME  RANGES  PREVENTS  GOOD  ANTELOPE  DISTRIBUTION  AND 
HABITAT  USE. 

a.  Where  it  is  shown  to  be  desirable,  promote  the  development  of  water 
sources  in  arid  areas. 

13.  COMPETITION  WITH  LIVESTOCK  AND  OTHER  WILDLIFE  HAS  REDUCED  THE  CARRYING 
CAPACITY  OF  SOME  BIGHORN  SHEEP   RANGES. 

a.  Decrease  competition  between  Bighorn  and  other  wildlife  species  on  key 
Bighorn  ranges. 

b.  Decrease  competition  between  Bighorn  and  livestock  on  key  Bighorn 
ranges .  ^>-^ 

c.  Protect,  maintain  and  enhance  areas  of  Bighorn  habitat. 2,3 

14.  SOME  ELK  HERDS  ARE  DEPENDENT  UPON  PRIVATE  LANDS  FOR  WINTER  RANGE. 
a.   Acquire  key  elk  wintering  areas  where  feasible. 

FUTURE  CONDITIONS  WITHOUT  A  PLAN 
Without  a  comprehensive  plan  for  the  conservation,  development,  and  manage- 
ment of  the  waters  and  related  land  resources  in  the  Yellowstone  Basin  the  follow- 
ing conditions  are  likely  to  occur: 

1.  Expansion  of  the  energy  and  mineral  industries  will  still  occur., 

2.  Increased  emphasis  will  be  placed  on  private  and  state-supported 
water  development. 

3.  Fish  and  wildlife  populations  and  habitat  will  suffer  serious  losses 
since  many  pi-ojects  will  not  be  covered  under  the  Fish  and  Wildlife 
Coordination  Act. 

4.  Dewatering  and  uncontrolled  alteration  of  stream  channels  will  continue. 

5.  Without  a  coordinated  plan  of  development  for  the  basin  it  is  doubtful 
that  the  environmental  considerations  necessary  to  safeguard  the  eco- 
system will  be  incorporated  into  development  plans. 

6.  It  is  inevitable  that  much  of  the  water  for  fish,  wildlife,  and  agri- 
culture will  be  acquired  for  mining  and  other  industrial  uses. 

7.  Many  reservoirs  will  be  subject  to  extreme  fluctuations  precluding 
maintenance  or  development  of  significant  fisheries  and  waterfowl 
populations . 
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CONCLUSIONS 
A  coordinated  comprehensive  plan  for  the  conservation,  development,  and 
management  of  the  waters  and  related  land  resources  in  the  Yellowstone  Basin  is 
a  necessity  if  environmental  objectives,  including  fish  and  wildlife,  are  to  be 
given  equal  consideration  with  economic  development  of  this  region.   From  the 
standpoint  of  fish  and  wildlife  objectives  the  foremost  need  is  for  environmental 
legislation  at  the  state  level  including  the  following  aspects: 

1.  Recognize  fish,  wildlife  and  the  general  environment  as  important 
factors  contributing  to  the  general  well  being  of  the  state  and 

nation. 

2.  Recognize  fish,  wildlife,  and  recreation  as  beneficial  uses  of  land 
and  water. 

3.  Require  full  disclosure  of  the  environmental  impacts  of  any  proposed 
actions  (not  just  water  development)  whether  state  or  privately  funded 
when  that  action:   (a)  causes  significant  damage  to  fish  and  wildlife 
habitat;  (b)  was  not  already  subject  to  the  NEPA;  and  (c)  was  subject 
to  state  funding  or  state  administrative  review. 

4.  Require  mitigative  and/or  compensative  measures  to  offset  adverse  im- 
pacts identified  in  item  3  above. 

5.  Provide  for  matching  funds  as  an  incentive  to  encourage  the  inclusion 
of  fish  and  wildlife  enhancement  features  in  project  plans. 

6.  Require  a  permit  from  the  State  Engineer  or  other  authority  before  a 
stream  channel  can  be  altered. 

With  the  suggested  legislation  fish  and  wildlife  objectives  can  be  considered 
on  an  equal  basis  with  economic  development  objectives  at  the  project  level. 
Without  this  legislation  it  is  probable  that  long-range  fish  and  wildlife  objec- 
tives will  not  be  met,  and  Wyoming  stands  to  suffer  major  irretrievable  losses 
of  its  wildlife  resources. 


140 


SUPPLEMENTARY  AND  SUPPORTING  MATERIAL 

1.  Wyoming  Game  and  Fish  Department.   1975.   A  strategic  plan  for  the  compre- 
hensive management  of  wildlife  in  Wyoming.   (Volume  1).  Wyoming  Game  and 
Fish  Department,  Cheyenne.   110  pp.   (2  copies  furnished) 

2.  Wyoming  Game  and  Fish  Department  Current  Status  and  Inventory  Reports. 

a.  Planning  Report  lN--Nongame  Mammals 

b.  Planning  Report  3N- -Amphibians  and  Reptiles 

c.  Planning  Report  8G--Fur  Animals 

d.  Planning  Report  9G--Waterfowl. 

(Report  on  population  status  of  all  Wyoming  wildlife  to  be  available 
August   1976.) 

3.  Doll,  G.  F.  and  C.  Phillips.   1972.   Wyoming's  hunting  and  fishing  resources 
1970.   Wyoming  Game  and  Fish  Department,  Cheyenne.   116  pp. 

(Updated  report  for  1975  expenditures  to  be  available  July  1,  1976.) 

4.  Summary  sheets  from  Wyoming  Game  and  Fish  Department  stream  and  lake  inven- 
tory. 

5.  Fish  Division.   1971.   Wyoming  stream  classification  map.   Wyoming  Game  and 
Fish  Department,  Cheyenne. 

6.  Baxter,  G.  T.  and  J.  R.  Simon.   1970.   Wyoming  fishes.   Bulletin  4.   Wyoming 
Game  and  Fish  Department,  Cheyenne.   168  pp. 

(See  information  on  population  status  and  distribution  for  each  species). 

7.  Williams,  R.  B.  and  C.  P.  Matteson,  Jr.   1973.   Wyoming  hawks.   Bulletin  5. 
Wyoming  Game  and  Fish  Department,  Cheyenne.   69  pp. 

8.  U.S.D.A.  and  Wyoming  State  Engineer.   1974.   Wyoming  supplement  for  the  Wind- 
Bighorn-Clark' s  Fork  River  Basin  Type  IV  Survey.   (Copy  not  enclosed) 

Figures  11-12  through  11-14  are  useable  as  presented  in  this  report 
though  if  this  information  was  extracted  by  the  SCS  from  Game  and 
Fish  data,  credit  should  be  given  accordingly. 

Figure  11-15  should  be  replaced  by  the  Wyoming  Game  and  Fish  stream 
classification  map  from  which  it  was  adapted  with  no  credit. 

Tables  VII-5  and  VII-6  are  still  relevant.   Other  fish  and  wildlife 
information  from  the  Type  IV  survey  should  be  used  as  needed,  but  first 
it  should  be  checked  against  the  more  current  information  in  the 
Strategic  Plan. 

9.  McNiff,  P.  J.  and  C.  Phillips.   1975.   An  outdoor  recreation  plan  for  Wyoming. 
Wyoming  Recreation  Commission,  Cheyenne. 

(see  pages  9.26-9.41;  Chapter  11,  pages  11.1-11.26). 
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THE  STATE 


WYOMING 


ED  HERSCHLER 

GOVERNOR 


Q)e/ia^fmen/  of  Snm^onmental  Quality 

fyfratel  2ua/ity  Q)iviblcn 


HATHAWAY  BUILDING 


CHEYENNE.  WYOMING    82002 


TELEPHONE  307  777-7781 


MEMORANDUM 


TO:      Frank  Trelease 

Wyoming  Water  Planning  Program 

FROM:    Paul  C.  Schweiger^^p^ 
Water  Quality  Division  of 
Wyoming  Department  of  Environmental  Quality 

SUBJECT:  Yellowstone  Level  B  Issue  Paper 

DATE:    March  22,  1976 


Our  division  is  charged  with  the  concern  for  water  quality  in  the 
State  of  Wyoming  by  authority  of  i§  35-502.1  to  35-502.56  known  as  the 
"Wyoming  Environmental  Quality  Act."   It  is  the  policy  and  purpose  of 
this  act  to  ".  .  .enable  the  state  to  prevent,  reduce  and  eliminate 
pollution;  to  preserve,  and  enhance  the  air,  water  and  reclaim  the  land 
of  Wyoming;  to  plan  the  development,  use,  reclamation,  preservation  and 
enhancement  of  the  air,  land  and  water  resources  of  the  state;  to  pre- 
serve and  exercise  the  primary  responsibilities  and  rights  of  the  State 
of  Wyoming;  to  retain  for  the  state  the  control  over  its  air,  land  and 
water  and  to  secure  cooperation  between  agencies  of  the  state,  agencies 
of  other  states,  interstate  agencies,  and  the  federal  government  in 
carrying  out  these  objectives.  .  ." 

Events  that  could  occur  in  the  absence  of  a  comprehensive  plan  and 
which  would  be  of  concern  to  our  division  include  higher  periodic  con- 
centrations of  total  dissolved  solids  and  higher  concentrations  of  silt 
resulting  from  increased  needs  for  agricultural  and  domestic  water. 

Comprehensive  planning  resulting  in  the  implementation  of  facilities 
construction  and  reservoir  management  policies  should  evolve  to  accomodate 
domestic,  agricultural  and  industrial  water  needs. 
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THE  STATE 


OF  WYOMING 


STATE  CAPITOL  BUILDING 


CHEYENNE,  WYOMING  82002 


April  15,    1976 


PLEASE   ADDRESS    REPLY 
TO     THE     COMMISSIONER 


Mr.  Prank  Trelease 

Wyoming  Water  Planning  Agency 

Central  Avenue 

Cheyenne,  Wyoming 

INTER-OFFICE  MAIL 

Dear  Frank: 

This  letter  with  attachments  will  serve  as  our  Issue  Paper  for  both  the 
Wind-Bighorn  and  Tongue-Powder  sections  of  the  Yellowstone  Level  B  Study. 
Our  concern  is  for  vegetative  management  and  protection  in  relation  to  water 
yield  and  quality  on:  l)  all  State  land  and  2)  private  forest  land. 

In  addition,  protection  from  fire  on  private  non-forested  watershed  lands 
is  necessary  to  reduce  sedimentation  that  results  after  wildfire.  Fire  pro- 
tection programs  that  we  coordinate  do  reduce  rural  land  fire  losses. 
However,  the  counties  of  Bighorn,  Park,  and  Washakie  are  not  current  coopera- 
tors  with  us  in  fire  control  activities.  These  are  the  only  counties  not 
currently  cooperators  with  the  state.  Until  these  counties  become  coopera- 
tors,  fire  protection  within  their  boundaries  cannot  be  considered  adequate; 
thus  water  will  be  impacted,  especially  its  quality  from  sedimentation  after 
range  and  forest  fires  on  non-federal  lands.   It  is  therefore  desirable  that 
if  they  do  not  wish  to  participate  in  the  Cooperative  Fire  Control  Program, 
they  should  form  some  type  of  organized  fire  protection  system  of  their  own. 

We  will  soon  have  a  district  office  located  in  the  Bighorn  Basin,  probably 
at  Basin,  Wyoming,  which  will  aid  in  achieving  both  total  protection  and 
management  on  non-federal  forest  land.  Silvicultural  activities  on  private 
forest  land  should  be  conducted  only  with  sound  forest  management  and  con- 
servation plans  prepared  under  the  direction  of  professional  foresters. 
All  private  forest  landowners  should  have  such  management  plans.  Without 
adequate  planning  forest  resources  can  be  depreciated  and  related  values, 
such  as  water,  will  be  degraded  from  increased  erosion  and  sedimentation. 
However,  it  must  be  recognized  that  good  management  on  all  non-federal  forest 
land  cannot  be  achieved  without  adequate  funding. 
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The  attachments  cover  legal  status  of  the  State  board  of  Land  Commissioners, 
Land  Office,  and  Wyoming  State  Forestry  Division.  Forestry  Division 
Objectives  are  also  included,  all  of  which  are  renewable  resource  and  water 
related. 

Michael  H.  Gagen  will  be  our  representative  for  contacts  on  Yellowstone  Level 
B  planning.  He  coordinates  our  Watershed  Management  program,  including 
PL-566,  Type  IV  Studies,  and  the  like.  He  can  be  reached  by  telephone  in 
Cheyenne  at  777-7586. 

Very  truly  yours, 

(<?&-(  ^,-y-^#frv-. ^ 

Carl  E.  Johnson 
State  Forester 

BEL/jm 

Attach: 


STATE  BOARD  OP  LAND  COMMISSIONERS 
The  State  Board  of  Land  Commissioners  consists  of  five  elective 
officials;  Governor,  Secretary  of  State,  State  Auditor,  State  Treasurer, 
and  State  Superintendent  of  Public  Instruction. 

The  Board  has  the  direction,  control,  leasing,  care  and  disposal 
of  all  lands  heretofore  or  hereafter  granted  or  acquired  by  the  State 
for  the  benefit  and  support  of  public  schools  or  for  any  other  purpose 
whatsoever,  subject  to  the  limitations  contained  in  the  constitution 
of  the  State,  and  the  laws  enacted  by  the  Legislature.   (36-14) 

Statutes  concerning  the  State  Board  of  Land  Commissioners  as 
they  relate  to  the  Wyoming  State  Forestry  Division  are: 

1.  To  manage  the  lands,  under  the  multiple-use  principle,  for 
the  support  of  the  public  schools  and  other  institutions  for 
which  the  land  was  granted  or  acquired,  for  the  best  interests 
of  the  State  of  Wyoming.   (36-20) 

2.  To  protect  State,  other  public  and  private  lands  from  fire, 
and  to  cooperate  with  such  other  parties  or  authorities. 
(36-21) 

3.  To  safeguard  the  State  land  from  destruction  from  causes 
other  than  fire.   (36-20) 


COMMISSIONER  OP  PUBLIC  LANDS 
The  Commissioner  of  Public  Lands  is  responsible  for  the 
administration  and  care  of  all  State  land  received  by  the  State  Board 
of  Land  Commissioners.  Administration  of  these  is  conducted  under 
the  various  laws  and  Board  Rules  and  Regulations.   (36-}4) 

WYOMING  STATE  FORESTRY  DIVISION 
The  Wyoming  State  Forestry  Division  is  a  division  of  the  Office 
of  Commissioner  of  Public  Lands.  The  Wyoming  State  Forester  is  the 
statutory  head  of  the  Forestry  Division,  appointed  by  the  State 
Board  of  Land  Commissioners  to  conduct  the  responsibilities  assigned 
to  the  Division  by  Law  or  by  Board  policy. 

Wyoming  Statute  36-21  is  the  enabling  legislation  under  which  the 
Forestry  Division  functions  and  is  as  follows: 

a.  The  state  forester  shall,  under  the  general  supervision  of  the 
commissioner  of  public  lands,  have  direction  of  all  forest 
interests  and  all  matters  pertaining  to  forestry  within  the 
jurisdiction  of  the  State  of  Wyoming. 

b.  The  state  forester  shall: 

(i)  Take  such  action  as  may  be  deemed  necessary  by  the  state 
board  of  land  commissioners  to  extinguish  forest  and 
range  fires; 
(ii)  Assist  the  county  sheriff  in  the  enforcement  of  all 

laws  pertaining  to  the  protection  of  forest  and  range 
lands  from  fire; 
(iii)  Collect  data  relative  to  forest  conditions; 


(iv)  Prepare  an  annual  report  on  the  progress  and  conditions 
of  state  forestry  work; 
(v)  Recommend  plans  for  improving  the  state  system  of  forest 
protection,  management  and  replacement; 
(vi)  Whenever  it  is  deemed  essential  and  to  the  best  interest 
of  the  state,  cooperate  with  counties,  cities,  towns, 
corporations,  or  individuals  for  the  protection,  manage- 
ment and  replacement  and  planting  of  trees,  woodlots  and 
timber  tracts; 
(vii)  Promote  the  development  of  the  forest  industry; 
(viii)  Cooperate  with  federal  agencies  to  fulfill  the  intent  of 
this  section. 
The  objectives  of  the  Wyoming  State  Forestry  Division  are: 

1.  To  conduct  a  planned  management  program  based  upon  the 
multiple-use  principle,  which  will  provide  maximum  income 
to  the  various  funds  for  which  the  land  was  granted. 

2.  To  manage  State  forest  lands  in  such  a  manner  as  to  insure 
or  enhance  the  perpetuation  of  all  resource  values. 

3.  To  manage  the  forest  under  a  sound  planned  sustained  yield 
basis  based  on: 

a.  To  remove  annually  the  current  growth  plus  mortality 
in  such  manner  that  the  residual  tree  stands  will 
remain  in  a  thrifty,  productive,  or  reproducing  condition. 

b.  To  utilize  harvesting  practices  which  will  remove  mature 
and  over  mature  timber  on  a  si lvi culturally  sound  basis 
and  which  will  provide  for  optimum  regeneration. 
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c.  To  improve  the  productivity  and  composition  of  young 
stands  of  timber  through  commercial   and  pre-commercial 
thinnings . 

d.  To  reforest  non-stocked  and  under- stocked  forest  land 
with  superior  or  improved  seed  or  seedlings  through  an 
accelerated  program  of  planting  and/or  direct  seeding. 

e.  To  salvage  all  fire  killed,   blow-down  and  insect  and 
disease  damaged  timber  as  losses  occur. 

f .  To  obtain  and  keep  current  an  inventory  of  timber  on 
State-owned  forest  lands. 

g.  To  obtain  and  maintain  a  system  of  land  and  timber 
records  including  status,    inventory,    condition,    timber 
depletion,    stand  improvement,    special  uses,   maps,   etc. 

h.     To  promote  the  quality  of  forest  industries  within  the 
State  by  raising  the  productivity  of  the  State  and  pri- 
vate forest  land  and  encouraging  improved  utilization 
and  marketing  of  the  forest  products  by  cooperating 
with  private,    state  and  federal  agencies  engaged  in 
such  promotion. 
4.     To  assist  the  Office  of  Commissioner  of  Public  Lands  in  the 
leasing  of  State  land  for  Special  Use  purposes,    such  as 
commercial,    industrial  and  recreational  usee.      Recreational 
use  leases  may  be  for  cabin  sites,   private  camp  sites,    golf 
courses,   youth  groups,    and  ski  or  winter  sports  areas  where 
they  are   suitable,    and  where  there  is  no  conflict  with  other 
lessees  or  other  uses  of  equal  value. 
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5.  To  provide   technical   and  practical   assistance   to  the  private 
forest  landowners  in  the  State   concerning  forest  conservation 
and  the  establishment  and  maintenance  of  forest  stands, 
plantations,   windbreaks  and  shelterbelts,    and  urban  trees. 

6.  To  conduct  an  effective  program  of  fire  management  through 
pre-suppre8sion  and  suppression  organizations  on  State  and 
private  lands,   based  upon: 

a.  To  promote  fire  protection  for  all  State  and  private 
lands  in  the  State. 

b.  To  prevent  as  many  fires  as  possible  through  an  effective 
fire  prevention  program. 

c.  To  attain  and  maintain  the  highest  possible  preparedness, 
consistent  with  financing,   manpower,    and  available 
facilities,   prior  to  and  during  the  fire  season  each 
year,    and  to  maintain  the  minimum  necessary  preparedness 
during  the  remainder  of  each  year. 

d.  To  confine  fires  to  as  small  an  area  as  possible,    consistent 
with  reasonable  suppression  costs,    and  to  control  each 

fire  within  the  first  burning  period  (by  10:00  A.M.    the 
day  after  fire  discovery). 

7.  Slash  disposal   (hazard  reduction)   is  a  part  of  fire  prevention 
and  a  tool  of  forest  management,    based  upon: 

a.     To  provide  economically  feasible  slash  disposal  in  keeping 
with  sound,    progressive   forest  and  environmental  manage- 
ment practices,   while  at  the  same  time  providing  effective 
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fire  protection  to  residual  timber  stands  and  the 
property  of  others. 

b.  To  reduce  slash  hazards  to  further  reforestation  in 
conjunction  with  the  total  forest  management  program 
on  State  lands. 

c.  To  promote  slash  and  hazard  reduction  from  timber 
harvest  operations  on  private  lands. 

8.  To  independently,  and  through  cooperation  with  the  federal 
government,  weed  and  pest  districts,  and  private  forest 
landowners,  adopt  and  carry  out  measures  to  control,  suppress 
and  eradicate  outbreaks  of  forest  pests  and  tree  diseases. 
9-  To  assist  the  Office  of  Commissioner  of  Public  Lands  in  the 
management,  care,  acquisition,  or  disposal  of  State  lands. 
10.  To  assure  proper  land  use  planning  on  private  forest  lands 
through  the  cooperation  of  landowners . 
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WTND-BIGHORN-CLARKS  FORK  SUBBASIN  AGRICULTURE  ISSUE  PAPER 

Prepared  by 

State  Department  of  Agriculture,  DEPAD, 
Agriculture  Extension  Service,  and  Wyoming  Water  Planning  Program 

March,  1976 
Introduction 

Description 

The  drainage  basin  of  the  Wind-Bighorn  River  is  one  of  the  most  productive 
farming  areas  in  Wyoming.   The  growing  season  is  quite  long  and  allows  cultivation 
of  numerous  cash  crops  in  the  lower  areas  of  the  Basin  such  as  the  Riverton, 
Worland,  Basin,  and  Powell  areas. 

Agriculture  has  long  been  a  dominant  segment  in  the  economy  of  the  planning 
area.   The  agriculture  industry  of  the  basin  area  is  an  expanding  industry 
exhibiting  characteristics  that  are  common  to  agriculture  throughout  the  State, 
fewer  and  larger  farms  and  increased  efficiencies  of  production  due  to  the  applica- 
tion of  more  intensive  farming  methods.   Table  1  below  shows  the  declining  farm 
numbers,  increasing  size  and  the  expansion  in  sales  and  receipts. 

Along  with  the  changes  in  size  of  farm  and  the  increased  productivity  there 
have  been  changes  in  the  basic  crops  and  livestock  grown.   The  Statistical  Report- 
ing Service  reports  show  that  in  the  five-county  area,  all  cattle  and  calves  on 
hand  January  1  increased  from  189,000  head  to  344,000  head  or  an  increase  of 
82  percent  for  the  period  1950  to  1975.   During  the  same  time  period  stock  sheep 
numbers  declined  from  363,000  to  172,000  head  or  a  decline  of  52.6  percent. 

The  study  area  has  also  experienced  some  shifts  in  crop  productions.   Barley, 
corn,  hay,  and  sugar  beets  have  shown  moderate  to  large  increases  in  acres  and 
production  for  the  period  1950  to  1974.   Oat  acreage  and  production  have  shown 
some  decline  while  wheat  and  bean  acreage  and  production  have  varied  considerably 
for  the  period.   Total  crop  production  has  shown  a  significant  increase. 
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TABLE    1 — Farm  Numbers,  Average  Farm  Size  and  Value  of  Farm 
Products  Sold,  1954-1969,  Five-County  Area1 

Item  Unit         1954     1959       1964        1969 

All  Farms  and     Number  3,501     2,953       2,650       2,275 

Ranches 

Average  Farm      Acres  1,490     1,843       2,243       2,340 

Size 

Total  Sales  All   Thousand  Dollars  31,255.1  42,705.7    42,062.9     63,083-3 
Agricultural 
Products 

All  Crops  and     Thousand  Dollars  11,720.3  12,526.5    13,914-3     18,350.3 
Farm  Forest 
Product  Sales 

All  Livestock     Thousand  Dollars  15,215-8  30,179-2    28,148.6     44,733-0 
Sales 

Average  Sales     Thousand  Dollars       8.9      14-5       15-9        27.7 
Per  Farm 

Bighorn,  Fremont,  Hot  Springs,  Park,  and  Washakie  Counties. 
Source:   U.  S.  Census  of  Agriculture. 

The  cash  crops  grown  in  the  study  area  and  the  livestock  industry  depei.c.  oi. 
irrigation.   The  irrigated  lands  in  the  study  area  were  mapped  during  the  irriga- 
tion season  of  1969.   For  the  mapping  program,  irrigated  land  was  defined  as  "all 
land  that  can  be  identified  as  receiving  water  induced  by  the  works  of  man". 
Table  2  gives  the  acreages  irrigated  by  study  sub-area  including  the  Clarks  Fork 
area. 

In  1974  Wyoming  Water  Planning  Program  estimated  that  the  total  irrigated 
acreage  for  the  four  sub-areas  had  expanded  to  about  542,000  acres.   The  increased 
irrigation  is  in  the  Wind  River  and  Bighorn  River  sub-areas. 


TABLE  2 — Tabulation  of  Irrigated  Land  in  the  Bighorn  River  Basin  -  1969 


Total  Irrigated 

Idle 

Average  Acres 

Study  Sub-Area 

Acres 

Acres 
10,605 

Irrigated 

Wind  River 

195,770 

185,165 

Bighorn  River 

329,500 

17,850 

311,650 

Little  Bighorn  River 

2,U0 

130 

2,310 

Clarks  Fork 

11,120 

605 

10,515 

Total 

538,830 

29,190 

509,640 

Source:  Wyoming  Water  Planning  Program. 
Economic  Importance  of  Agriculture 

Irrigated  land  to  provide  a  winter  feed  base  for  the  livestock  enterprise  .is 
a  necessary  component  of  the  ranch  enterprise.   The  production  of  cash  crops  on 
irrigated  land  is  an  important  part  of  agricultural  production  and  many  operators 
depend  entirely  on  crop  sales  for  cash  income.   However,  livestock  and  livestock 
products  are  the  principal  sources  of  cash  income. 

The  1969-1970  normal  crop  distribution,  yields,  value  of  production,  and 
returns  tc  land  are  summarized  in  Table  3  for  the  irrigated  lands  in  the  Basin. 
The  estimated  gross  annual  value  of  crop  and  pasture  production  on  irrigated  lands 
in  the  Basin  is  about  $32,522,630.   The  net  return  to  irrigated  lands  in  the  Basin 
is  about  $7,964.,860..  The  net  return  to  irrigated  land  in  Table  3  does  not 
necessarily  measure  the  full  value  of  irrigated  lands  to  the  farm  and  ranch  enter- 
prise as  essentially  all  hay  and  feed  grains  produced  are  marketed  through  live- 
stock.  Most  of  the  cash  crops  produced  provide  a  moderate  to  high  net  return  to 
land  and  management. 
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TABLE  3 — Bighorn  River  Basin  -  Summary  of  1969-1970  Normal  Crop  Distribution, 
Yield,  Production,  Value  of  Production,  Production  Costs  and 
Net  Return  to  Irrigated  Land 


Crop 

Acres 
U6,000 

field   Per   ' 
Acre 

Production 
408,800 

Price    ? 
21.88 

Value  of 

Production 

(Dollars) 

8,944,540 

Production 

Coat 
(Dollars) 

8,786,280 

Net   Return  » 
to    Land 
(tollers) 

Alfalfa 

2.8 

lor, 

158,260 

Native   Hay 

10,400 

1.2 

ton 

12,480 

21.88 

273,060 

273,210 

-150 

Other   Hay 

25,000 

1.3 

to  n 

32,500 

21.88 

711,100 

785,750 

-74,650 

Barley 

49,400 

64.0 

Bu. 

3,161 ,600 

1.30 

4,110,080 

2,446,780 

1,663,300 

Oats 

58,900 

55.0 

Bu. 

1,589,500 

.(.7 

1,064,960 

1,413,500 

-348,540 

Wheat 

2,700 

38.6 

Bu. 

104,220 

1.13 

117,770 

133,730 

-15,960 

Corn   (Grain) 

3,400 

61.4 

Bu. 

208,760 

1.23 

256,770 

220,460 

36,310 

Corn    (Silage) 

15,200 

15.0 

ton 

228,000 

7.66 

1,746,480 

1,102,150 

644,330 

Sjgar   beets 

42,000 

17.2 

ton 

722,400 

14.73 

10,640,950 

6,741,840 

3,899,110 

Beans 

15,000 

16.47 

cvx.. 

247,050 

7.35 

1,815,820 

1 ,185,750 

630,070 

Pasture 

163,000 

3.0 

AUM  < 

504,000 

4.00 

2,016,000 

1,468,320 

547,680 

Other  Crops 

3,640 

1.00 

Aflerzath   Crazing  5 

HUH 

206,275 

825,100 

825,100 

Idle 

29,190 

538,830 

32,522,630 

24,557,770 

7,964,860 

1  Four  year  average   1907-1970,    all    crops  except  hay  uhich  is   three  year  average   1967-1969. 

2  Average   prices    1967   to    1970.       Silage    estinisted    at   35    percent   of   hay   price.      Malting   barley   uas   estimated   at   $3.00  per  cut. 
a.nz    feed    carley   at    $.°5    per   bl.    for   a   coiLposite    price   of    $1.30  per   Bu. 

Cross  value  of  production,    less   fixed  costs  of  production,    operating  costs   and  all   other  production  costs  except  interest 
or.  lar.c   investment. 

*      A^iooil    _-_•.   rvcr.t-.  rrsiirg. 

1      Afterneir.  £rtri.-.g  y.elis   are    estimated   at   1.0   A'JM  for   native   hay   and   other   hay,    0.5   AUW  for   alfalfa   and    1.25  AUM  per 


Source:   Wyoming  Water  Planning  Program,  the  University  of  Wyoming  Agricultural 
Sector  Study,  and  other  University  of  Wyoming  data  on  costs  of 
production. 


A  significant  portion  of  the  net  income  of  the  irrigation  enterprise  is  spent 
for  family  living  and  supports  local  business  establishments  and  service  industries. 
Farm  and  ranch  operators  are  dependent  upon  imports  for  machinery,  fuels,  tools, 
and  supplies.   A  major  portion  of  crop  production  costs  on  irrigated  land,  esti- 
mated at  $24,557,770,  flows  through  local  business  channels.   In  many  communities 
of  the  Basin,  irrigation  and  the  associated  livestock  industry  provide  the  major 
economic  base  for  supporting  local  business  activity. 


Objectives 
Increased  Agricultural  Production 

The  Wind-Bighorn  River  Basin  is  a  leading  agricultural  production  area  in 
Wyoming.   This  area  is  unique  in  that  not  only  does  it  have  one  of  the  most 
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desirable  growing  seasons  in  Wyoming  but  it  also  has  large  amounts  of  water  and 

land  that  could  potentially  be  developed  for  irrigated  agriculture. 

Because  of  this  recognized  potential  and  because  the  State  desires  to  maintain 

an  active,  viable  and  growing  agriculture  sector  in  the  study  area,  it  is  necessary 

and  desirable  to  bring  additional  acreage  under  irrigation  as  well  as  enhance  the 

existing  production  areas.   Enhancement  could  be  attained  by  providing  supplemental 

late  season  irrigation  water  supplies,  increasing  irrigation  efficiencies,  and 

. implementing  drainage  programs. 

Wyoming  Water  Planning  Program  estimated  that  increased  yields  and  a  modest 

increase  in  irrigated  lands  will  provide  the  feed  base  necessary  for  the  livestock 

industry  in  the  study  area  to  maintain  its  projected  share  of  national  beef,  veal, 

lamb,  and  mutton  production.   Table  4  shows  the  1970  status  of  irrigated  lands  and 

identifies  the  increases  in  irrigated  lands  necessary  to  maintain  the  study  area's 

share  of  national  production. 

TABLE  4 — Projected  Acreage  of  Irrigated  Land  in  the  Wind-Bighorn  River  Basin1 

1970      1980       2000       2020 
Present  Use  Acres      Acres      Acres      Acres 

Presently  Irrigated  509,640    512,430    516,330    520,430 

Idle  29,190     26,400     22,500     18,400 

Projected  New  Land  Development    46,670    102,670    136,670 

Total  538,830    585,500    6a,  500    675,500 


-'-Includes  Clarks  Fork  River. 

The  acreage  of  irrigated  land  is  projected  to  increase  by  25  percent  over 
50  years,  from  538,830  to  675,500  acres. 

Historical  trends  and  Wyoming's  share  of  national  production  are  the  basis 
for  projecting  changes  in  land  use  and  crop  distribution.  Projections  also  con- 
sidered the  availability  of  land  and  water  resources.   Yield  projections  are  based 
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on  data  provided  by  the  University  of  Wyoming  Agricultural  Sector  Study,  the  Great 
Plains  Agricultural  Council  and  Economic  Research  Service.   The  1970  normal  and 
projected  yields,  crop  distribution  and  production  are  summarized  in  Table  5  (on 
the  following  page). 

Projected  yield  increases  assume  improved  water  management,  additional  land 
leveling,  drainage,  improved  water  supply  resulting  from  improved  efficiency, 
development  of  small  storage  facilities,  and  improved  cultural  and  management 
practices. 

Estimates  of  the  availability  of  potentially  irrigable  land  were  made  by  the 
Soil  Conservation  Service  during  the  Wing-Bighorn-Clarks  Fork  River  Basin  Survey. 
These  estimates,  given  in  Table  6,  were  based  on  soil  surveys  and  reconnaissance 
studies  of  the  Basin,  and  indicate  that  large  tracts  of  land  with  soil  suited  for 
irrigation  are  available.  Figure  1  shows  the  location  of  the  875 > 674  irrigable 
acres  that  have  been  identified.   The  major  portion  of  these  lands  have  soils  of 
sufficient  depth,  on  level  to  gentle  slopes  with  little  or  minor  soil  limitations, 
so  that  their  use  for  irrigated  agriculture  is  feasible.   A  large  portion  of  these 
lands  is  owned  by  the  Federal  Government.   Other  areas  are  owned  by  the  State  and 
by  private  interests. 

TABLE  6 — Irrigable  Lands  by  Sub-Area 
'Study  Sub-Area  Acres 

1.  Wind  River  181,621 

2.  Bighorn  River  64.2,811 

3.  Little  Bighorn  River       9,651 

4.  Clarks  Fork  41,591 
Total                      875,674 
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TABLE 


Irrigated   Lands,    Yields,    Distribution  and   Production- 
Wind-  Bighorn   River   Basin-*- 


Projected  Yields 

1970 

Crop 

Unit 

Normal 

1980 

2000 

2020 

Alfalfa 

Tons/acre 

2.8 

3.2 

3.7 

4.3 

Native  Hay 

Tons/acre 

1.2 

1.3 

1.4 

1.5 

Other  Hay 

Tons/acre 

1.3 

1.8 

2.3 

2.8 

Barley 

Bu/acre 

64.0 

80.0 

96.0 

113.0 

Oats 

Bu/acre 

55.0 

69.0 

85.0 

101.0 

Wheat 

Bu/acre 

38.6 

42.0 

54.0 

66.0 

Corn  (grain) 

Bu/acre 

61.4 

85.0 

96.0 

108.0 

Corn  (silage) 

Tons/acre 

15.0 

18.0 

23.2 

27.1 

Sugar  Beets 

Tons/acre 

17.2 

19.9 

24.5 

29.4 

Beans 

Cut/acre 

16.47 

20.1 

25.2 

30.0 

Pasture 

AUM/acre 

3.0 

3.3 

4.0 

4.5 

Aftermath  Grazing 

Alfalfa 

AUN^/acre 

.5 

.5 

.5 

.5 

Native  Hay 

AUM/acre 

1.0 

1.0 

1.0 

1.0 

Other  Hay 

AUM/acre 

1.0 

1.0 

1.0 

1.0 

Small  Grain 

AUM/acre 

1.25 

1.25 

1.25 

1.25 

CroD  Distribution 

1970 

Unit 

Normal 

1980 

2000 

2020 

Alfalfa 

Acre 

146,000 

185,000 

223,000 

244,100 

Native  Hay 

Acre 

10,400 

10,000 

10,000 

10,000 

Other  Hay 

Acre 

25,000 

22,000 

20,000 

20,000 

Barley 

Acre 

49,400 

60,000 

67,000 

71,000 

Oats 

Acre 

28,900 

25,000 

23,000 

20,000 

Wheat 

Acre 

2,700 

2,500 

2,400 

2,300 

Corn  (grain) 

Acre 

3,400 

5,000 

6,000 

7,000 

Corn  (silage) 

Acre 

15,200 

19,000 

25,000 

31,000 

Sugar  Beets 

Acre 

42,000 

42,000 

49,900 

60,000 

Beans 

Acre 

15,000 

13,000 

12,000 

11 ,000 

Pasture 

Acre 

168,000 

174,900 

177,000 

177,000 

Other  Crops 

Acre 

3,640 

3,700 

3,700 

3,700 

Idle 

Acre 

29,190 

26,400 

22,500 

18,400 

Total 

538,830 

588,500 

641 , 500 

675,500 

CroD  Production" 

Alfalfa 

Tons 

408,800 

592,000 

825,100 

1,049,630 

Native  Hay 

Tons 

12,480 

13,000 

14,000 

15,000 

Other  Hay 

Tons 

32,500 

39,600 

46,000 

56,000 

Barley 

Bu 

3,161,600 

4,800,000 

6,432,000 

8,023,000 

Oats 

Bu 

1,589,500 

1,725,000 

1,955,000 

2,020,000 

Wheat 

Bu 

104,220 

105,000 

129,600 

151,800 

Corn  (grain) 

Bu 

208,760 

425,000 

576,000 

756,000 

Corn  (silage) 

Tons 

228,000 

342,000 

580,000 

804,100 

Sugar  Beets 

Tons 

722,400 

835,800 

1,222,550 

1,764,000 

Beans 

Cut 

247,050 

261,300 

302,400 

330,000 

Pasture 

AUM 

504,000 

577,170 

708,000 

796,500 

Aftermath  Grazing 

AUM 

206,275 

230,750 

254,000 

265,800 

Source:      Wyoming  Water  Planning  Program,    Economic   Research  Service,   and  Great 
Plains   Agricultural   Council. 

-'-Includes   Clarks  Fork  River.  \9o 
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The  Soil  Conservation  Service,  in  the  Wind-Bighorn-Clarks  Fork  River  Basin 
Type  IV  Survey,  identified  97,800  acres  of  wet  and  saline  soils.   To  attain  the 
projected  necessary  increased  production,  these  areas  must  be  enhanced.  Water 
table  control  can  be  improved  by  improving  agricultural  water  management  and 
improvement  of  irrigation  systems.   Table  7  lists  the  areas  considered  to  be  wet- 
lands in  various  portions  of  the  study  area  and  their  potential  for  improved  water 
level  control. 

Table    7  --Potential  for  wetland  improvement  through  water  level  control 


Locat  ion 


:  Area  which  can  :  Area  requiring 
:   be  improved  t    improved 
Total  : through  drainage  tdrainage  systems 
area      rand  agricultural  :    for  land 
;water  management  :   improvement 


Area 

whi  ch 

cannot 

be 

improved 


Acres 


Little  Wind-Popo  Agie  River 

i vert  on  irrigated  area 

Other  Wind  River  areas 

Bighorn  River 

Greybul 1  River  &   Emblem 
Bench 

Upper  Shoshone  River 

Sage  Creek  and  Lower 
Shoshone 

Clarks  Fork  and  Little 
B  ighorn 

Total 


^,500 

3,820 

1,580 

680 

37,000 

31,^50 

12,950 

5,550 

2,500 

2,120 

880 

380 

6,000 

5,^00 

2,100 

600 

31,600 

25,280 

9,*+80 

6,320 

i+,200 

3,650 

1,3^0 

550 

1  1,500 

10,000 

3,680 

1,500 

500 

kko 

160 

60 

97,800 


82,160 


32,170 


15,6^+0 


Source:   Wind-Bighorn-Clarks  Fork  River  Basin  Type  IV  Survey. 

Constraints  to  Agriculture 

Agriculture  is  faced  with  many  constraining  factors.   Among  the  factors  con- 
straining present  agriculture  production  and  future  agriculture  development  are: 
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increased  construction  and  development  costs,  the  cost-price  situation  in  agricul- 
ture production,  and  the  limited  low-cost  investment  capital. 

Agriculture  is  also  faced  with  several  institutional  and  potential  legal 
constraints.   Among  these  are  the  National  Environmental  Policy  Act  and  the 
Army  Corps  of  Engineers'  regulations  on  dredge  and  fill  on  navigable  waters. 
These  constraints  will  be  discussed  more,  later  in  the  paper. 

"Without  Project"  Situation 
Wind-Bighorn  River  Basin  agriculture,  in  the  absence  of  a  comprehensive 

development  plan  would  likely  continue  to  develop.   However,  the  level  of  develop- 
ment would  be  substantially  less  than  that  anticipated  under  a  comprehensive  and 
diverse   development  program. 

Existing  financing  programs  through  the  Department  of  Economic  Planning  and 
Development  and  the  Wyoming  Farm  Loan  Board  have  financed  substantial  agriculture 
development  and  will  likely  continue  to  do  so  with  or  without  a  comprehensive 
development  plan.   Private  interests  are  presently  financing  irrigation  develop- 
ments and  they  too  will  continue  to  develop  small  acreages.  The  Farmer's  Home 
Administration  also  provides  a  limited  amount  of  financing  for  water  resource 
development  on  a  continuing  basis. 

Between  January,  1970,  and  June,  1975,  the  Department  of  Economic  Planning  and 
Development  and  the  Wyoming  Farm  Loan  Board  provided  financing  for  development  of 
3,898  acres  of  new  irrigated  lands  and  development  of  supplemental  supplies  or 
improved  systems  for  2,023  acres  in  the  study  area  (source:  State  Department  of 
Economic  Planning  and  Development  Annual  Reports  1970-75).  Over  this  5.5  year 
period,  the  State  loan  program  financed  an  annual  average  of  about  709  acres  of 
new  land  development.   It  has  been  estimated  that  the  State  provides  about  two- 
thirds  of  this  type  of  financing.   If  the  new  lands  acreage  is  adjusted  by  the 
two-thirds  factor,  an  annual  average  of  about  1,060  acres  are  irrigated.  Recent 
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legislation  has  increased  the  amount  of  funds  available  to  be  loaned  under  the 
State  loan  program.   This  could  result  in  the  State  financing  a  larger  portion  of 
the  new  land  developed  or  could  mean  an  increased  acreage  will  be  developed. 

These  estimated  developments  could  be  modified  or  changed  due  to  pending 
controls  under  EPA,  Corps  of  Engineers'  regulation,  and  land  use  planning  efforts. 
The  EPA,  through  the  State  Department  of  Environmental  Quality,  will  handle  permits 
on  feedlots  and  for  irrigation.   The  regulations  for  both  are  in  the  formulation 
stage  and  their  eventual  impact  is  not  known. 

The  Army  Corps  of  Engineers  have  developed  regulations  to  control  dredge  and 
fill  operations  on  navigable  waters.   The  effect  on  Wind- Bighorn  River  Basin 
agriculture  is  not  presently  known  but  could  be  significant. 

The  State  has  instituted  a  land  use  planning  program.   This  program  will  be 
handled  primarily  at  the  local  level  and  local  values  and  concerns  will  be  the 
basis  for  the  final  plans  developed.   It  appears  that  if  new  irrigated  land 
developments  have  local  support,  they  will  be  included  in  the  local  plans. 

Another  constraining  factor  that  future  agriculture  development  must  face  is 
Federal  and  Indian  water  rights  claims. 

These  items  listed  could  cause  a  tremondous  impact  on  even  existing  programs 
cf  agricultural  development. 

Policies,  Programs  and  Projects 

If  the  Wind-Bighorn  Basin  agriculture  is  to  maintain  its  position  of  impor- 
tance in  the  economy  of  the  area  and  if  it  is  to  continue  to  produce  its  share  of 
national  production  of  red  meat,  policies  and  programs  must  be  changed  or  modified, 
and  projects  must  be  identified  and  carried  to  completion. 
Policies 

The  policies  and  regulations  that  are  being  implemented  by  the  Environmental 
Protection  Agency  and  the  Army  Corps  of  Engineers,  discussed  briefly  above,  have 
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serious  implications  for  irrigated  agriculture  in  the  Wind-Bighorn  River  Basin. 

The  EPA  through  DEQ  will  require  permits  on  irrigation  systems  and  on  feed- 
lots.  The  initial  step  is  to  require  that  all  irrigators  and  feedlot  operators 
have  a  permit.  Subsequent  to  the  issuance  of  permits  EPA  intends  to  put  controls 
on  effluent  discharges  from  irrigation  and  feedlots.   If  these  controls  are  to 
stringent,  growth  of  irrigated  agriculture  could  be  stifled  and  existing  irrigated 
areas  could  be  taken  out  of  irrigation. 

The  Corps  of  Engineers'  dredge  and  fill  regulations  pose  a  similar  threat 
to  irrigated  agricultural  development. 

In  both  instances,  the  regulations  will  have  to  be  applied  in  moderation  if 
irrigated  agriculture  is  to  continue  to  grow  and  flourish  in  the  study  area. 

Much  of  the  land  that  has  potential  for  irrigation  is  in  Federal  ownership. 
If  the  goal  of  maintaining  the  basin's  share  of  national  production  of  red  meat 
and  continued  agricultural  growth  is  to  be  attained,  transfer  of  land  from  Federal 
to  private  ownership  must  be  facilitated.   There  are  presently  conflicts  between 
transfers  of  ownership  under  the  Desert  Land  Act  and  environmental  considerations. 
Compromise  could  allow  development  with  consideration  for  the  environment  included. 
Programs 

For  irrigation  in  the  study  area  to  develop  as  previously  indicated,  the 
existing  programs  will  require  continued  and  expanded  funding.   The  State's  loan 
program,  administered  by  DEPAD,  is  presently  facilitating  the  development  of 
substantial  new  irrigated  acres  and  is  an  essential  element  in  continued  growth 
of  irrigated  agriculture  in  the  study  area.   The  State's  Water  Development  Program 
is  in  its  initial  stages  of  implementation.   This  program  could,  through  the 
State's  construction  of  projects,  provide  water  for  new  irrigated  lands  and  water 
as  supplemental  supply  to  existing  lands. 
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The  State's  development  of  projects  would  insure  consideration  of  all  possible 
or  feasible  project  features.   Features  that  would  be  considered  would  include 
recreation,  fish  and  wildlife,  municipal,  and  industrial  water  needs. 

Federal  programs  geared  to  development  of  irrigated  agriculture  have  been  in 
exi stance  for  many  years  and  will  likely  provide  a  means  of  developing  the  desired 
amount  of  new  irrigation  and  supplemental  supplies  of  irrigation  water.   The  U.S. 
Bureau  of  Reclamation  has  developed  numerous  projects  in  the  study  area  and  has 
studied  many  more.  For  the  USER  to  be  effective  in  the  growth  and  development  of 
agriculture,  funding  of  authorized  projects  is  necessary  to  reduce  the  existing 
backlog  of  authorized  projects.   The  Soil  Conservation  Service  also  has  potential 
to  participate  in  future  irrigation  developments. 

The  role  of  Federal  programs  in  the  agriculture  development  of  the  study  area 
is  dependent  on  Federal  priorities.   If  the  need  for  food  and  fiber  is  given  a 
high  priority  the  Federal  programs  will  be  much  more  viable  in  the  projected 
development. 
Fr  c  "'  e  c  t  s 

The  Wind-Bighorn  River  Basin  contains  many  project  potentials.   These  poten- 
tials range  from  small  surface  and  ground  water  developments  to  large  scale  develop- 
ment of  irrigation. 

Table  8  shows  future  irrigation  potentials  that  were  identified  in  1974  by 
Wyoming  Water  Flannihg  Program.   These  are  not  the  only  potentials  but  are  the  ones 
that  were  felt  to  be  the  most  feasible  at  the  time. 
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TABLE  8 — Identified  Potential  Irrigation  Development  Through  Year  2000 
Wind-Bighorn  River  Basin  -  August,  1974 


Project 
Indian  Development  (or  Private) 
Riverton  Extension 
Beaver  Creek 
Sage  Creek 

Bighorn  Unit  (Bighorn  Irrigation  Devel.  Co.) 
Greybull  Flat 
Bad  Water  Creek 
>'owood  River 
Crooked  Creek 
Shell  Creek 
Cyclone  Bar 
Gooseberry  Creek 
Polecat  Bench 

Private  Surface  Water  Development 
Private  Ground  Water  Development 
Total 


Supplemental 


New  Acres 

Supply  Acres 

16,590 

18,000 

15,000 

— 

1,590 

1,200 

— 

A,  000 

25,000 

— 

1,000 

— 

1,700 


3,000 

— 

250 

1,200 

— 

2,500 

-- 

2,100 

— 

2,100 

19,200 

— 

9,250 

25,000 

15,000 

— 

105,880 


57,800 


Source:   Wyoming  Water  Planning  Program. 

Table  9  shows  the  potential  small  watershed  projects  identified  in  the  Wind- 
Bighorn-Clarks  Fork  River  Basin  Type  IV  Survey.   The  watersheds  are  broken  down 
into  two  groups,  priority  watersheds  and  other  watersheds. 
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Table  8  shows  potential  projects  that  are  also  identified  as  watershed 
projects  in  Table  9.   These  projects  might  be  developed  either  as  State  projects 
or  as  watershed  projects  by  the  Soil  Conservation  Service. 

The  following  is  a  brief  description  of  the  projects  listed  in  Table  8 
above : 
Indian  Development 

The  Indian  development  listed  in  Table  8  is  a  composite  of  numerous 
projects  identified  by  the  Bureau  of  Indian  Affairs.   Watershed  lAel-5  Crow 
Creek  near  Tipperary  is  part  of  the  Indian  development. 
Riverton  Extension 

The  Riverton  Extension  in  Table  8  is  the  same  as  Watershed  lAel-9  Midvale. 
This  project  involves  completion  of  the  Riverton  Project  by  development  of  the 
Muddy  Ridge  area.   An  alternative  presently  being  pursued  is  the  18,500  acre 
USBR  project  in  the  same  vicinity. 
Beaver  Creek 

The  Beaver  Creek  project  listed  in  Table  8  is  basically  the  same  as  Water- 
shed lAela-5  Upper  Beaver  Creek.   The  State  identified  project  involves  a  larger 
reservoir  and  supplies  water  to  a  greater  acreage. 
Sage  Creek 

The  Sage  Creek  project  involves  supplying  supplemental  irrigation  water  to 
about  4,000  acres.   This  project  is  the  same  as  Watershed  14e6-8  Sage  Creek- 
Pryor  Mountain  identified  in  Table  9. 
Bighorn  Unit 

This  is  a  project  to  pump  water  from  the  Bighorn  Canal  to  irrigate  25,000 
acres  of  Desert  Land  Entries  above  the  canal.   This  project  is  a  private  venture 
but  has  potential  for  State  involvement  in  its  development. 
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Greybull  Flat 

This  project  was  originally  identified  by  the  USBR.  The  project  involves 
development  of  about  1,000  new  acres  of  irrigated  land  near  Greybull,  Wyoming. 
Bad  Water  Creek 

The  Bad  Water  Creek  project,  Watershed  14e3-2  Upper  Badwater  Creek,  involves 
providing  a  supplemental  irrigation  water  supply  to  1700  acres  of  land  from  a 
small  reservoir  on  Upper  Badwater  Creek. 
Nowood  River 

The  Nowood  area  includes  seven  watersheds  and  is  referred  to  as  No.  14eA-l-7 
Nowood  River  Watersheds.   This  project  is  primarily  a  flood  damage  reduction 
project;  however,  it  does  include  3,000  acres  of  new  irrigation. 
Crooked  Creek 

This  project  is  a  supplemental  irrigation  water  supply  project.   The  project 
is  located  on  the  Montana-Wyoming  border.   The  project  would  involve  drilling  up 
to  10  wells  into  the  Madison  Formation  to  augment  the  flow  of  Crooked  Creek. 
The  project  is  also  referred  to  as  watershed  lAe-27  Crooked  Creek. 
Shell  Creek 

The  Shell  Creek  watershed,  No.  lAe-23  Lower  Shell  Creek,  is  a  project  to 
reduce  flood  damages,  streambank  erosion,  and  provide  a  supplemental  water  supply 
to  2500  acres  of  irrigated  land. 
Cyclone  Bar 

This  project,  Watershed  14c-5  Cyclone  Bar,  is  a  supplemental  irrigation 
water  supply  project  and  is  in  the  Clarks  Fork  River  Basin.   The  project  would 
provide  supplemental  supplies  to  about  2100  acres  of  presently  irrigated  land. 
The  Type  IV  Survey  of  the  area  identified  about  3200  acres  of  new  irrigation. 
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INTRODUCTION 

Proposed  small  agricultural  projects  in  the  Wi  nd-Bi ghorn-Cl  arks 
Fork  Study  area  in  Wyoming  that  have  been  identified  as  potential 
projects  for  consideration  in  the  Yellowstone  Basin  and  adjacent 
Coal  Area  Level  B  Study  have  been  investigated  by  the  Soil  Conser- 
vation Service.   The  investigations,  which  were  made  in  1976,  are 
reconnaissance  type  studies.   The  studies  are  based  on  findings 
of  earlier  studies  wherever  such  information  is  available.   Reports 
of  the  1976  reconnaissance  studies  are  presented  in  this  volume. 

Reports  on  proposed  projects  for  which  evaluations  were  completed, 
and  which  appear  to  be  feasible  projects  are  enclosed  in  Part  One 
of  this  volume  in  the  following  order: 

1  .  Cody  Canal 

2.  Crooked  Creek 

3.  Crow  Creek 
*4.  Cyclone  Bar 

5.  Gooseberry  Creek 

6.  Hidden  Val ley 
7-  Lakeview  Canal 

8.  Lateral  H-103 

9.  Lateral  R-9N 

10.  Lower  GreybulJ  River 

11.  Lower  Shell  Creek 

12.  Nowood  River 

13.  Sage  Creek-Pryor  Mountain 
1*4.  Si  don  Canal 

15-   Taylor-Dutch  Flat  and  Cemetery  Ditches 

16.  Upper  Badwater  Creek 

17.  Upper  Beaver  Creek 

Those  proposed  projects  for  which  evaluations  were  not  completed 
are  reported  in  Part  Two.   Some  of  those  projects  are  infeasible; 
others  are  part  of  a  larger  development  proposal;  still  others  are 
of  such  a  nature  or  size  that  they  do  not  lend  themselves  to  a 
small  agricultural  project  approach.   Abbreviated  reports  of  those 
proposed  project  areas  are  in  the  following  order: 

1 .  Globe  Canal 

2.  Heart  Mountain  Estates 

3.  Little  and  Middle  Popo  Agie  Rivers 
k.  Midvale 

5.  North  Fork  Valley  Ditch 

6.  Riverton  Watershed 
7-  Shoshone  Lake  Ditch 
8.  Wort hen  Meadows 
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CODY  CANAL 

SUMMARY 

The  Cody  Canal  project  is  a  program  to  improve  water  delivery  to  about 
8,000  acres  of  irrigated  land  and  to  supply  irrigation  water  to  about 
2,000  acres  of  presently  non- i rr igated  rangeland. 

Rehabilitation  of  the  Cody  Canal  along  with  storage  of  a  small  volume 
of  water  near  the  lower  end  of  the  canal  can  result  in  more  timely 
delivery  of  water  to  the  presently  irrigated  land  during  periods  of  peak 
water  use. 

A  new  canal  from  the  Buffalo  Bill  Reservoir  to  Cody  Canal  and  an  improved 
Cody  Canal  will  deliver  stored  water  to  the  area  of  new  irrigated  land 
near  Sage  Creek. 

The  estimated  average  annual  cost  of  structural  measures  is  $298,000. 
The  estimated  average  annual  primary  benefits  from  irrigation  are  $340,600, 
and  secondary  benefits  total  $42,000  annually.   The  estimated  depletion 
of  water  resulting  from  the  project  is  4,500  acre-feet  per  year. 

If  the  project  is  developed  there  is  an  opportunity  to  use  the  regulating 

reservoir,  stored  water  in  Buffalo  Bill  Reservoir  and  improved  water  use 

on  the  Cody  Canal  area  to  make  late  season  water  available  to  other  water 

short  areas  along  the  South  Fork. 


LOCATION  AND  DESCRIPTION 

The  Cody  Canal  project  area  lies  near  the  City  of  Cody  in  Park  County, 
Wyoming.   The  Cody  Canal  diverts  water  from  the  South  Fork  Shoshone  River 
about  two  miles  above  Buffalo  Bill  Reservoir  and  supplies  about  9,500 
acres  of  irrigated  land  along  it  s  length  of  30,  or  more,  miles.   Nearly 
three-fourths  of  the  irrigated  land  lies  along  the  lower  one-half  of  the 
canal  length.   Cody  Canal  also  supplies  water  to  the  City  of  Cody  through 
small  reservoirs  near  the  south  boundary  of  the  city. 

About  20,000  acres  are  irrigated  with  water  from  the  South  Fork  and  from 
small  tributaries  nearby.   Lakeview  Canal,  which  diverts  water  from  the 
South  Fork  at  a  point  about  ten  miles  upstream  from  the  Cody  Canal  diver- 
sion, serves  nearly-  9,000  irrigated  acres.   The  irrigated  land  is  at 
elevations  ranging  from  4,800  feet  to  6,000  feet  above  mean  sea  level. 
Crops  produced  are  mostly  feed  for  livestock. 

Most  of  the  irrigated  area  served  by  the  Cody  Canal  is  at  an  elevation  of 
about  5,000  feet,  where  the  average  annual  precipitation  is  about  9  inches 
and  the  average  frost-free  period  (28°F.)  is  about  145  days. 

South  Fork  which  has  a  drainage  area  of  about  670  square  miles  originates 
on  the  continental  divide  at  elevations  near  12,000  feet.   Spring  flood 
flow  of  South  Fork  is  stored  in  Buffalo  Bill  Reservoir  at  the  confluence 
of  South  Fork  and  North  Fork  Shoshone  River.  Stored  water  is  used  to 
produce  power  and  to  irrigate  land  along  the  Shoshone  River. 
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PROBLEMS 

The  irrigated  land  in  the  project  has  a  water  shortage  in  the  latter 
part  of  the  irrigation  season.   The  natural  flow  in  South  Fork  often 
does  not  meet  the  needs  for  irrigation  in  late  July  and  August;  the 
diversions  are  then  regulated  leaving  appropr iators  with  late  rights 
without  water  in  order  to  serve  prior  water  rights. 

Water  shortage  in  the  Cody  Canal  results  from  low  river  flow  and  from 
problems  of  delivery  in  the  canal  system.   The  long  canal  with  relatively 
high  losses  in  some  reaches  and  limited  structure  capacity  result  in 
inadequate  deliveries  in  periods  of  peak  water  use.   Some  of  the  creek 
crossings  and  a  short  tunnel  near  the  midpoint  of  the  canal  currently 
limit  the  capacity  of  the  system. 

Cody  Canal  has  some  of  the  earlier  water  rights  on  South  Fork.   Attempts 
to  divert  the  last  flows  of  South  Fork  often  result  in  remaining  stream- 
flows  that  are  less  than  the  desirable  minimum  flows  in  the  natural 
channel  above  Buffalo  Bill  Reservoir. 

Much  of  the  irrigation  works  in  the  South  Fork  area  has  been  in  use  for 
seventy  years,  or  more  and  is  in  need  of  rehabilitation.   Maintenance 
has  not  kept  pace  with  the  natural  deterioration  and  many  structures 
now  need  to  be  replaced. 

There  is  interest  in  developing  additional  irrigated  land  near  Sage  Creek 
southeast  of  Cody  and  near  the  Cody  Canal  for  production  of  more  livestock 
feed . 


PROJECT  PROPOSAL 
The  proposed  project  would  consist  of  three  major  features: 

1.  Rehabilitate  the  Cody  Canal  system  to  make  it  a  dependable  water 
del i very  system. 

2.  Enlarge  Beck  Lake  to  serve  as  a  regulating  reservoir  that  will 
provide  supplemental  supplies  to  the  lower  end  of  the  project 
during  periods  of  peak  water  use. 

3.  Construct  a  delivery  canal  from  Buffalo  Bill  Reservoir  to  Cody 
Canal  to  carry  stored  water  to  irrigate  about  2,000  additional 
acres  of  land.  The  improved  Cody  Canal  will  serve  as  a  supply 
ditch  for  the  new  irrigation  area. 

Eng  i  neer  inq 

Structural  work  planned  to  rehabilitate  the  existing  canal  system 

includes:   stabilizing  the  slide  area  in  the  upper  end  of  the  canal; 

constructing  siphons  in  Carter  Creek,  Diamond  Creek,  Sulphur  Creek, 

Sage  Creek  and  Dry  Creek;   installing  about  180  turnouts;   restoring 

about  21  miles  of  earth  canal;   constructing  about  10  checks  and  drops; 

rebuilding  the  canal  in  the  tunnel  area;   and  installing  one  large 

measuring  device.  i  7 7 


Increased  embankment  and  new  controls  on  Beck  Lake  will  permit  raising 
the  water  line  about  5  feet  and  increase  the  storage  capacity  about 
600  acre-feet.  , 

t-f      u^   del  i  very  .capa  L  would  J>e  built  from  the  existing  irrigation  water 
"^  ^^Srsia^^^^^l^  Buffalo  Bill  Reservoir  to  the  Cody  Canal  at 
a  point  near  Su  1  phur /creek. 

The  estimated  construction  cost  of  structural  works  is  shown  below: 


I  tern 

Canal  Rehabilitation 
Canal  Stabi 1 i  zat ion 
Siphons  (5) 
Turnouts  (180) 
Canal  Restoration 
Checks  and  Drops  (10) 
Tunnel  Section 
Measuring  Flume 
SUBTOTAL  REHABILITATION 

Beck  Lake  Enlargement 

Buffalo  Bill  Delivery  Canal 

TOTAL  CONSTRUCTION  COST 


Cost 

$   61,200 

536,500 

369,000 

84,300 

112,500 

664,000 

15,000 

$1  ,842,500 

$  55,000 
$  750,000 
$2,647,500 


The  estimated  installation  cost  of  project  measures  is: 

Construction  Cost  $2,647,500 

Engineering  Services  300,000 

Project  Administration  61,000 

Land  Easements  and  R i ghts-of-Way  59,000 

TOTAL  INSTALLATION  COST  $3,067,500 

The  estimated  average  annual  cost  of  structural  measures  is: 


(dollars)  1/ 

Evaluat  ion 

Unit 

Amortization  of 
Installation  Costs  7J 

Operation  and 
Maintenance  Costs 

Total 

Structural 
Measures 

194,100 

100,000 

294,100 

Project 

Admin  i  strat  ion 

3.900 

3.90C 

TOTAL 

198,000 

100,000 

298,000 

U      Price  Base:   1975 

2/  Amortized  (S  6  1/8/  for  50  years 


Soils 

In  the  irrigated  area  that  is  served  by  the  Cody  Canal  and  that  lies 
above  the  City  of  Cody,  identified  soil  series  are  Havre,  Limon  and 
Patent.   There  is  also  gravelly  soil  that  is  similar  in  texture  to 
soil  of  the  Calicott  series. 

In  the  irrigated  area  that  is  served  by  the  lower  one-half  of  the  Cody 
Canal,  identified  soil  series  include  Cal icott ,  Haverson,  Larimer, 
Olney  and  Zigweid. 

Soil  in  the  area  to  be  developed  as  new  irrigation  include  soils  of  the 
Arvada,  Haverson,  Olney  and  Zigweid  series. 

Following  is  a  brief  description  of  a  representative  profile  of  each 
identified  soil  series. 


Arvada  -  Deep,  well  drained  soils  formed  on  uplands  and  alluvial  fans. 
The  surface  layer  is  fine  sandy  loam  about  k    inches  thick.   The  subsoil 
is  clay  to  clay  loam  about  16  inches  thick.   The  substratum  is  clay 
loam  to  60  inches  or  more.   A  slowly  permeable  soil  with  low  to  moderate 
water  holding  capacity. 

Calicott  -  Deep,  excessively-drained  soils  formed  on  terraces  and 
terrace  breaks.   The  surface  layer  is  very  gravelly  sandy  loam  about  ^k 
inches  thick.   The  underlying  layer  is  very  gravelly  loamy  sand  to  60 
inches.   Has  a  very  low  water  holding  capacity. 

Haverson  -  Deep,  moderately  permeable  soil  with  high  water  holding 
capacity.   The  surface  layer  is  moderately  alkaline  loam  about  k 
inches  thick.   The  underlying  layer  is  moderately  alkaline  loam  that 
is  stratified  with  thin  lenses  of  clay  loam  and  sandy  loam  to  a  depth 
of  60  inches  or  more. 

Havre  -  Deep,  well  drained  moderately  permeable  soil  with  high  water 
holding  capacity.   The  surface  layer  is  loam  about  8  inches  thick. 
The  underlying  material  is  stratified  loam,  silt  loam,  clay  loam  and 
fine  sandy  loam  to  a  depth  of  60  inches  or  more. 

Larimer  -  Moderately  permeable  fine  sandy  loam  and  loam  about  22  inches 
thick  over  gravelly  sandy  loam  and  gravel.   Effective  rooting  depth  is 
about  30  inches.   Available  water  holding  capacity  is  very  low. 

Limon  -  The  surface  layer  is  moderately  alkaline  silty  clay  about  h 
inches  thick.  The  underlying  layer  is  strongly  alkaline  silty  clay 
that  reaches  to  a  depth  of  60  inches  or  more.  Permeability  is  slow 
and  available  water  holding  capacity  is  moderate  to  high. 

Olney  -  Deep,  well  drained  soils  on  uplands.   The  surface  layer  is  loamy 
sand  or  sandy  loam  about  8  inches  thick.   The  subsoil  is  sandy  clay  loam 
about  8  inches  thick,  over  an  underlying  limy  sandy  loam  which  extends 
below  60  inches.   Moderately  permeable  soils  with  moderate  water  holding 
capac  i  ty . 
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Patent  -  Deep,  well  drained  soils.   The  surface  layer  is  loam  7  inches 
thick.   The  underlying  material  is  thinly  stratified  loam,  very  fine 
sandy  loam  and  clay  loam.   Moderately  slow  permeability  and  high  water 
holding  capacity. 

Zigweid  -  The  surface  layer  is  mildly  alkaline  loam  about  6  inches 
thick.   The  subsoil  is  moderately  alkaline  loam  about  1*+  inches  thick. 
The  substratum  is  moderately  alkaline  loam  that  reaches  to  a  depth  of 
60  inches  or  more.   Permeability  is  moderate  and  the  available  water 
holding  capacity  is  high. 


Hydrology 

The  present  source  of  water  is  the  South  Fork  Shoshone  River.   Stream 
flow  is  adequate  for  irrigation  needs  until  late  July.   The  80  percent 
chance  supply  that  is  available  to  the  Cody  Canal  is  about  10,000  acre- 
feet  in  the  first  half  of  August  and  about  7,000  acre-feet  in  the  second 
half.   This  supply  will  meet  the  irrigation  requirement  of  the  presently 
irrigated  land  if  overall  water  use  efficiency  is  about  25  percent  or 
greater.   The  water  in  South  Fork  is  of  good  quality  for  irrigation. 

The  late  season  water  yield  of  South  Fork  cannot  supply  the  needs  of 
additional  irrigated  land.   Water  for  the  new  irrigated  land  will  come 
from  storage  in  Buffalo  Bill  Reservoir.   The  water  in  Buffalo  Bill 
Reservoir  is  of  suitable  quality  for  irrigation;  Wyoming  Water  Planning 
Program  Report  No.  11,  dated  October  1972,  shows  the  average  total 
dissolved  solids  in  the  Shoshone  River  below  Buffalo  Bill  Reservoir  is 
225  parts  per  million. 


Economics 

The  proposed  project  would  result  in  three  types  of  benefits  to 
currently  irrigated  lands.   The  first  two  of  these  result  from  reorganiza- 
tion and  enlargement  of  the  existing  canal  system.   Increased  capacity  of 
the  system  would  assure  adequate  deliveries  in  periods  of  peak  water  use, 
to  produce  average  annual  benefits  of  $87,600.   Rehabilitation  of  the 
system  would  also  provide  protection  against  system  failure  thus  reducing 
damages  to  crops  from  delayed  delivery  by  $M+,300  on  an  annual  basis. 
Providing  irrigation  water  storage  at  Beck  Lake  to  provide  a  full  supply 
(80%  chance)  to  the  8,000  acres  which  now  experience  a  late  season  water 
shortage  would  increase  crop  yields  to  produce  average  annual  benefits  of 
$69,700. 

Irrigation  development  of  an  additional  2,000  acres  of  presently  dry  land 
would  result  in  average  annual  benefits  of  $139,000.         3  '  - 
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Benefits  and  costs  of  proposed  measures  are  shown  in  the  table  below: 


Comparison  of  Benefits  &  Costs 


Evaluation 
Unit 

AVERAGE  ANNUAL  BENEFITS  U 

Avg. 
Annual 
Cost  V 

Benef  i  t 

Cost 

Ratio 

1 rr iqat  ion 

Secondary 

Total 

Proposed 

Structural 

Measures 

3^0,600 

i+2,000 

382,600 

29^,100 

1.3:1 .0 

Project 

Adm  in  i  strat  i  on 

3.900 

TOTAL 

3^+0,600 

i+2,000 

382,600 

298,000 

1 .3:1.0 

]_/      Price  Base 
2/   Price  Base: 


Current  Normalized 
1975 


Cody  Canal 
Rev.  11-17-76 
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DISPLAY  OF  ACCOUNTS 

Nat  iona_1_  Economic  Developm ent  Account 

Beneficial  effects  ]_/ 

I rr I  gat ! on 
External  I ties 

Iota]  hsneficial  effects 

(-nnual  equivalent  value) 


$3^1  ,000 
kz , 000 

$383,000 


$193,000 
Jtoq^opj) 

$293,000 

$85,000 

Reqion 


Adverse  effects 

Instal 1  at  ion  cost 
Annual  OMfR 

Total  annual  cost 
Net  beneficial  effects 
\J      Values  are  rounded 
Reg ional  Development  Account 
Beneficial  effects  J_/ 

User  benefits 

I rr igat  ion 

Regional  benefits 

Employment  impact  2/ 
Induced  and  stemming  from  3/ 
External i t ies 

Total  beneficial  effects 

(annual  equivalent  value) 

Adverse  effects 

Investment 
Annual  0MS-R  • 
External  it  ies  5/ 

Total  adverse  effects 

(annual  equivalent  value) 

Net  beneficial  effects 


U  Values  are    rounded 

2/  Amortized  construction  cost  x  .30  +  0M&R 

}J  Irrigation  benefits  x  2.0 

4/  Sponsors  share  of  amortized  cost  less  land  rights 

5/  Land  rights  costs  amortized  (S)  6  1/8%  for  50  years 


$   341,000 


143,000 

682,000 

42,000 

$1 ,208,000 


Adjacent 
Reqion 


■  0- 

■0- 
■0- 


Rest   of 
Nat  ion 


•0- 


-0- 
-0- 

-0- 


fc*1 


$  87,700 

4/ 

-0- 

$107,100 

100,000 

-0- 

-0- 

3,200 

-0- 

-0- 

$190,900 

~o- 

$107,100 

$1  ,017,100 

-0- 

-$107,100 

■j  I  .1  no 

.  .  1  >     ' 


Social  Well-Beinq  Account 

A.  Income  >  district  I 

1.  Net  ranch  income  would  be  increased  about  $150,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production. 

3.  Community  income  would  be  increased  an  average  of  $1,000,000 
annually  because  of  increased  employment  and  business  generated 
by  project  installation  and  project  output. 

k.      Community  income  would  be  stabilized  by  more  dependable 
agricultural  production. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide 
an  average  annual  of  11  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about 
an  additional  28  seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional 
Ik   full  time  jobs  in  the  agribusiness  industry  of  the  region. 

h.      Producing  the  increased  agricultural  output  of  the  project  will 
more  efficiently  utilize  the  presently  underemployed  labor 
resources  committed  to  ranches  in  the  project  area. 

C.  Life,  health,  and  safety 

1.  Increased  income  would  allow  beneficiaries  to  more  actively 
participate  in  social,  cultural,  recreational  and  community 
activities  of  the  region. 

2.  Increased  agricultural  production  during  the  last  half  of  the 
growing  season  would  reduce  fire  hazards  because  of  the  larger 
amount  of  lush  vegetation. 

3.  Increased  irrigation  water  supply  would  serve  as  a  fire  fighting 
source  of  water. 

k.      The  enlargement  of  Beck  Lake  would  provide  additional  recreation 
opportunities  for  area  users. 
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Eny  j  r onmen t a  1 _Qu  a  1 i  ty  Ace ount 

A,   Land  use  ~nd  cover  of  about  2,000  acres  will  change  from  non- i rr igated 
range  to  irrigated  hay,  pasture  and  grain, 

B„   There  will  be  about  3  more  miles  of  canal  or  conduit  located  about 
3  miles  southwest  of  the  City  of  Cody. 

C„  Additional  ditches  will  he  constructed  in  the  Sage  Creek  area. 
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PREFACE 

This  report  of  Crooked  Creek  is  an  update  of  the  CROOKED  CREEK  WATERSHED 
INVESTIGATION  REPORT  dated  June  1971  that  was  prepared  by  agencies  of 
the  U.  S.  Department  of  Agriculture  for  the  Wind-Bighorn-Clarks  Fork 
River  Basin  Type  IV  Study. 

The  Watershed  Investigation  Report  (WIR)  is  presented  as  the  body  of 
this  report.  No  changes  were  made  in  the  proposed  structural  measures 
or  in  the  planned  operation  of  the  proposed  project.  All  dollar  values 
in  the  WIR  and  in  the  accompanying  tables  have  been  changed  to  reflect 
the  more  nearly  current  economic  conditions.   Current  normalized  prices, 
issued  by  the  Water  Resources  Council,  October  197*+,  and  an  interest 
rate  of  6  1/8  percent  were  used  in  the  economic  reevaluation. 

Displays  of  the  effects  of  the  proposed  project  on  National  Economic 
Development,  Regional  Development,  Social  Well-Being  and  Environmental 
Quality  as  determined  in  the  reevaluation,  have  been  added  to  the 
Watershed  Investigation  Report. 

The  effect  of  the  project  on  water  supplies  is  not  indicated  in  the 

WIR.   The  estimated  depletion  of  ground  water  resulting  from  the  proposed 

project  is  1,000  acre-feet  per  year. 
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CROOKED  CREEK  WATERSHED  INVESTIGATION  REPORT 

WIND  -  BIGHORN  -  CLARKS  FORK  RIVER  BASIN 

June  1971 

THE  WATERSHED  IN  BRIEF 

The  Crooked  Creek  Watershed  is  located  in  north  central  Wyoming  and 
south  central  Montana.   About  one-fifth  of  the  watershed  lies  in 
Biq  Horn  County,  Wyoming,  and  four-fifths  in  Carbon  County,  Montana. 
The  watershed  has  a  drainage  area  of  8^,5^6  acres  or  about  132 
square  miles,  and  is  centered  at  latitude  ^5°  00'  North  and  longitude 
1 08c  15'  West.   Crooked  Creek  flows  in  a  southeasterly  direction  from 
its  headwaters  in  the  Prvor  Mountains  to  just  below  the  state  line 
where  it  empties  into  Bighorn  Reservoir.   Gypsum  Creek,  a  small 
tributary  entering  from  the  west,  and  Big  Coulee,  a  larger  tributary 
entering  from  the  north,  both  join  Crooked  Creek  in  the  lower  part 
of  the  watershed.   The  watershed  is  a  typical  mountain  drainage  with 
prominent  north-south  ridges  separating  Crooked  Creek  and  its 
tributaries.   Steep  stream  gradients  in  the  north  gradually  give  way 
to  wider  valleys  and  lesser  gradients  near  the  Bighorn  Reservoir. 
Elevations  within  the  watershed  range  from  8,875  feet  in  the  Pryor 
Mountains  to  about  3,700  at  Bighorn  Reservoir.   Average  annual  rainfall 
in  the  watershed  varies  from  less  than  8  inches  in  the  south  to  over 
16  inches  in  the  Pryor  Mountains. 

About  78,000  acres  or  90  percent  of  the  watershed  is  native  range; 
about  7,500  acres  or  9  percent  is  forested;  and  1,150  acres  or  1 
percent  is  irrigated  land.   The  forest  land  is  located  mainly  within 
the  Custer  National  Forest  and  the  Bighorn  Canyon  National  Recreation 
Area.   The  irrigated  area    is  located  mainly  along  the  lower  eight  miles 
of  Crooked  Creek  floodplain  where  six  operating  units  carry  on  livestock 
ranch  enterprises.   About  160  acres  are    irrigated  on  Gypsum  Creek  and 
a  like  number  from  Sykes  Spring  near  Bighorn  Reservoir.   The  growing 
season  averages  about  150  days  and  lasts  from  the  first  of  May  until 
the  first  of  October.   Land  ownership  and  management  is  as  follows: 

Private  *+,560  Acres 

State  of  Montana  2,320 
State  of  Wyoming  UkO 

Forest  Service  25,805 

Bureau  of  Land  Management  ^1,901 

Bureau  of  Reclamation  2,320 
Bighorn  Canyon  National  Recreation  Area   7,200 

Total  8^,5^6  Acres 

The  lower  ranching  area  is  linked  by  gravel  roads  to  the  towns  of 
Lovell  and  Cowley  in  Wyoming.   Access  to  the  Custer  National  Forest 
is  provided  by  a  Forest  Service  road  from  the  Crow  Indian  Reservation 
to  the  north  in  Montana.   There  are  no  through  roads  connecting  the 
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upper  and  lover  areas  of  the  watershed. 

The  Bighorn  Canyon  National  Recreation  Area  at  the  mouth  of  Crooked  Creek 
is  currently  being  developed  by  the  National  Park  Service  to  provide 
public  access  for  water=re1ated  recreational  activities  at  Bighorn 
Reservoir,   The  6,000  plus  acre  lake  is  created  by  Yellowtail  Dam 
on  the  Bighorn  River  which  was  built  by  the  Bureau  of  Reclamation  to 
store  water  "or  power  production,  flood  controls  and  irrigation.   The 
Wyoming  Game  and  Fish  Commission  operates  a  fish  hatchery  near  the 
Recreation  Area  at  the  mouth  of  Crooked  Creek, 

The  Pryor  Mountains  in  the  eastern  part  of  the  watershed  are  the  home 
of  one  of  the  last  surviving-  herds  of  wild  horses  in  the  United  States. 

WATERSHED-  PROBLEMS  AND  NEEDS 

The  primary  water -related  problem  in  the  watershed  is  the  annual  late 
season  shortage  of  irrigation  water.  The  watershed  is  located  in  one 
of  the  drier  areas  of  the  Bighorn  Basin,  and  after  the  spring  rains 
and  snowmelt  runoff  from  the  Pryor  Mountains,  streamflows  diminish 
rapidly  to  the  small  yields  of  springs  in  the  area.   An  area  of  high 
water*  loss  on  upper  Crooked  Creek  further  reduces  the  flows  before 
they  reach  the  irrigated  lands. 

In  spite  of  the  water  shortage  the  level  of  water  management  on 
Crooked  Creek  is  lower  than  normally  found  under  such  conditions. 
Current  field  efficiencies  are   estimated  to  be  about  30  percent. 
There  is  a  definite  need  for  a  firm  water  supply  for  the  presently 
irrigated  lands  and  improved  water  management  through  rehabilitation 
of  diversion  structures  and  on=farm  distribution  systems.   Approximately 
250  acres  of  previously  irrigated  land  ha\e  been  abandoned  because  of 
the  water  shortage.   There  is  a  need  to  bring  the  land  back  into 
production  to  supplement  and  round  out  existing  operations. 

Floodwater  damages  within  the  watershed  are  limited  to  the  lower  areas 
where  overbank  flooding  occurs  approximately  every  two  years.  Damages 
are  limited  to  irrigation  diversions,  fences,  roads,  and  bridges  along 
Crooked  Creek. 

Erosion   damages  are   minor  except  for  exposures  of  Triassic  "Red  Beds" 
in  the  central  part  of  the  watershed  and  shales  in  the  lower  reaches. 
Sediment  frcm  these  sources  enters  Crooked  Creek  and  damages  ditches 
and  cropland. 

PHYSICAL  POTENTIAL  FOR  MEETING  NEEDS 

The  problems  and  needs  within  the  watershed  could  best  be  solved  by  the 
storage  of  floodwaters  and  snowmelt  in  a  combination  f  1  oodwater-=i  rri  gati 
storage  reservoir  along  the  main  stem  of  Crooked  Creek,   The  estimated 
80  percent  chance  annual  yield  of  Crooked  Creek  is  about  55000 
acre-feet.   The  1,150  acres  of  existing  irrigated  land  require  about 
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1,600  acre-feet  of  water.   Structure  sites  are  relatively  scarce 
with  the  upper  reaches  of  the  watershed  being  steep  and  devoid  of 
natural  basins.   The  lower  watershed  has  relatively  wide  valleys 
with  associated  unfavorable  embankment  storage  ratios.   There  are 
no  apparent  off  channel  storage  sites  available.   A  site  on  the  main 
stem  of  Crooked  Creek  located  in  Section  19>  Township  58  North, 
Range  95  West,  appears  to  be  the  best  available  and  was  evaluated  ir. 
this  study. 

A  firm  water  supply  might  be  developed  from  an  artesian 
well  field  by  tapping  the  Madison  limestone  formation  underlying  the 
watershed.   The  Madison  limestone  formation  underlies  the  lower 
watershed  at  depths  of  1,200  to  1,350  feet.   This  formation  is  quite 
cavernous  and  considered  an  excellent  aquifer.   There  would  be  a 
minimum  head  of  600  feet  of  water  at  the  surface  in  wells  developed 
from  this  formation.   Along  the  flank  of  the  Bighorn  Mountains  near 
Hyattville,  Wyoming,  flowing  wells  with  yields  of  2,500  gallons  per 
minute  have  been  developed  in  the  Madison  formation. 

The  irrigated  lands  are    located  on  the  floodplains  of  Crooked  Creek 
and  Gypsum  Creek  and  are    included  in  land  capability  class  IIe2. 
Soils  are    predominately  deep,  medium  textured  silt  loams,  and 
considering  the  favorable  climate  of  the  area,    are  capable  of  producing 
high  agricultural  yields.   Subsurface  drainage  is  generally  good  with 
the  exception  of  minor,  localized  areas. 

The  recreational  development  around  Bighorn  Reservoir  offers  excellent 
potential  for  an  expanding  tourist  service  trade  in  the  lower  watershed 
area  immediately  contiguous'  to  the  Bighorn  Canyon  National  Recreation 
Area.   Extension  of  an  all-weather  road  from  the  lower  watershed  to 
meet  the  Forest  Service  highway  in  the  north  would  attract  considerable 
weekend  camping  and  fishing  interest  from  the  Billings,  Montana,  area. 
This  would  provide  a  link  between  the  National  Recreation  Area's 
water-based  recreation  opportunities  and  recreation  opportunities 
associated  with  the  high  mountain  forested  country.   Billings  and 
other  Montana  and  Wyoming  citizens  could  then  experience  both 
recreational  opportunities  during  a  weekend. 

LOCAL  INTEREST  IN  PROJECT  DEVELOPMENT 

Over  the  years  the  ranchers  within  the  watershed  have  recognized  the 
need  for  supplemental  irrigation  water  and  the  flood  damage  occurring 
along  Crooked  Creek. 

A  feasibility  study  was  conducted  in  1957  by  the  Soil  Conservation  Service 
at  the  request  of  the  local  ranchers.   The  investigation  centered  around 
irrigation  storage  in  the  previously  mentioned  reservoir  site.   Because 
of  high  local  costs  from  unfavorable  foundation  conditions,  the  project 
was  dropped. 
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In  1962  the  ranchers  again  requested  assistance  through  the  Shoshone 
Conservation  District  in  Wyoming  and  the  Carbon  County  Soil  and 
Water  Conservation  District  in  Montana,  A  watershed  application  was 
approved  in  June   1 962,  for  assistance  through  the  PL  566  program. 
The  PL  566  study  again  found  reservoir  storage  to  be  infeasible  and 
proposed  the  development  of  an  artesian  well  field  as  a  potentially 
feasible  alternate.   The  ranchers  were  again  unable  to  initiate  the 
project  because  of  the  unfavorable  cost  sharing  associated  with 
water  well  development, 

WORKS  OF  IMPROVEMENT  FOR  POTENTIAL  DEVELOPMENT 

Land  Treatment  Measures 

The  majority  of  v/atershed  land  is  used  for  livestock  grazing.   The 
generally  poor  condition  of  rangelands  in  the  lower  elevations 
progressively  improve  with  increased  elevation  northward  into  the 
National  Forest.   A  land  treatment  program  should  be  coordinated 
between  all  agencies  responsible  for  watershed  land  management  and 
should  consist  of  the  following  practices; 

1.  Proper  range  use. 

2.  Planned  grazing  systems  including  deferment. 

3.  Water  developments  including  stock  ponds,  we11sP  and 
spring  development. 

h.      Fencing  and  selected  brush  control. 

5,   Contour  furrowing  with  reseeding  to  adapted  grasses  and 
legumes  on  selected  areas. 

The  irrigated  lands  are   mostly  privately-owned  with  a  small  area  near 
the  Bighorn  Reservoir  operated  by  the  Wyoming  Game  and  Fish  Commission. 
The  irrigated  lands  produce  hay  and  pasture  and  other  feeds  for  livestock 
and  food  and  cover  for  wildlife  on  those  lands  under  the  management  of 
the  Game  and  Fish  Commission.   Principal  conservation  practices  needed 
on  the  irrigated  lands  are; 

1.  Irrigation  water  management. 

2.  Rehabilitation  of  delivery  systems. 

3.  Land  leveling  and  smoothing. 

*t.   Pasture  and  hay  land  planting  to  include  some  brush  control. 
5.   Pasture  and  hayland  management. 
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Structural  Measures 

An  analysis  of  the  two  alternatives  of  providing  supplemental  water 

for  the  irrigated  lands  in  the  watershed  revealed  the^  artesian  well 

development  to  be  the  most  economical  proposal.   This  alternative 

will  have  no  effect  in  reducing  flood  damages.   It  represents  only  a 

partial  solution  to  the  water  related  problems,  but  because  of  the 

high  cost  of  storage,  it  is  the  only  measure  that  appears  to  be  justified. 

The  IjUOO  acres  of  irrigable  land  along  Crooked  Creek  are   estimated  to 
require  Jh   cfs  of  streamflow  during  the  peak  consumptive  use  period  in 
July.   This  demand  is  based  on  a  project  efficiency  of  ^5  percent  that 
can  be  attainable  with  system  rehabilitation  and  use  of  return  flows    \j 
in  the  lower  reaches.   Assuming  streamflows  of  5  cfs  during  this  period, 
the  peak  supplemental  requirement  is  29  cfs. 

The  potential  development  calls  for  the  installation  of  well::  to  provide 
a  supplemental  flow  of  29  cfs.   It  is  estimated  that  up  to  ten  wells 
may  be  required.   These  wells  wou  I'd  be  installed  along  the  Crooked  Creek 
floodplain  in  the  vicinity  of  the  Montana-Wyoming  state  line.   The 
r'lows  of  these  wells  will  be  regulated  to  discharge  the  irrigation 
supplemental  requirement  into  the  Crooked  Creek  stream  channel  for 
conveyance  downstream  to  the  individual  diversion  structures. 

NATURE  AND  ESTIMATE  OF  COSTS  OF  IMPROVEMENT 

Artesian  well  yields  tapping  the  Madison  formation  in  the  area  were 
estimated  to  average  3  cfs  per  well.   This  was  based  on  the  location 
and  experience  with  other  wells  drilled  into  the  same  source.   Average 
well  depth  is  estimated  to  be  1,500  feet.   It  is  impossible  to  accurately 
predict  the  yields  of  wells  by  surface  observation  alone.   This  data 
can  only  be  obtained  by  tests  on  a  production  well.   Initial  wells 
would  be  spaced  about  a  mile  apart  to  avoid  interference.   Subsequent 
wells  could  be  interspaced  based  on  tests  of  previously  dug  wells* 
There  is  ample  exposure  area   of  the  Madison  formation  in  the  upper 
reaches  of  the  watershed  so  that  recharge  should  present  no  problems. 

The  estimated  installation  costs  for  the  well  fiel d  are  based  on  current 
well  development  costs  associated  with  similar  depths.   The  expected  life 
of  the  wells  is  25  years  with  maintenance  costs  restricted  to  above 
ground  appurtenances. 

EFFECTS  AND  ECONOMIC  FEASIBILITY  OF  POTENTIAL  DEVELOPMENT 

Land  Treatment  Measures 

The  land  treatment  on  irrigated  lands  would  be  necessary  to  achieve 
the  benefits  as  evaluated  for  a  full  water  supply.   The  new  lands 
would  have  to  be  developed  for  irrigation  farming.   Land  treatment  on 
rangeland  including  livestock  water  developments,  selective  brush 
control,  proper  grazing  management,  and  timber  management  on  forested 
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lands  would  have  considerable  effect  on  flooding  and  siltation 

problems* 

Structural  He  a  surges 

There  are  six  operating  units  in  the  watershed  which  will  benefit  from 
supplemental  irrigation  water  supply .  The  average  operating  unit  has 
192  acres  of  irrigated  land  at  present.   Irrigated  lands  provide  a 
feed  base  to  supply  winter  feed  for  a  ranch- 1 ivestock  economy „  The 
principal  source  of  cash  inceme  is  the  sale  of  livestock,,  Public 
rangelands  are  used  in  conjunction  with  private  rangelands. 

The  structural  program  would  give  a  supplemental  supply  to  1,150  acres 
of  presently  irrigated  land.   Honefits  per  acre  are  estimated  to  be  about 
$16.70  per  acre.  A  full  supply  would  be  given  to  250  acres  of  formerly 
irrigated  land  with  a  benefit  of  about  $31.60  per  acre.  Total  primary 
benefits  would  be  about  $27  ?  ^  00„  Met  income  on  each  of  the  six  units  would 
increase  about  $2,770  after  repayment  of  local  costs.  Secondary  benefits 
are  estimated  to  be  about  $5,100.  Total  annual  benefits  would  be  $32,200, 
and  average  annual  costs  $25,300.  The  benefit  cost-ratio  would  be  1.3s 1.0. 

ALTjjWATE  OR!  ADD ITI 0NAL_P0SS ■  HmTTIES 

In  addition  to  the  well  development  proposal  as  outlined  in  this  report, 
there  are   several  associated  alternatives  that  could  be  explored  should 
more  intensive  planning  be  undertaken? 

It  would  be  possible  to  install  seme  of  the  wells  or  additional  wells 
on  Gypsum  Creek.  There  are  approximately  2^0  acres  of  previously 
irrigated  lands  that  have  been  abandoned  because  of  insufficient  supply. 
The  depth  to  the  Madison  formation  along  Gypsum  Creek  is  approximately 
the  same,  and  return  flows  from  irrigation  on  Gypsum  Creek  could  be 
utilised  in  the  lower  irrigated  lands  on  Crocked  Creeko 

Another  interesting  alternative  is  the  possibility  of  linking  some  of 
the  wells  and  the  irrigated  lands  by  pipeline  and  utilizing  the  head 
for  sprinkler  irrigation.   The  increased  irrigation  efficiencies 
associated  with  this  type  of  operation  would  reduce  the  number  of  wells 
required.   It  appears  that  with  well  development  in  the  area  now 
proposed,  pipeline  costs  would  be  excessive.  A  more  thorough  investiga- 
tion and  an  analysis  of  well  depth  versus  location  would  be  needed  to 
define  this  possibility. 
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The  climate  and  soils  of  the  area  are  conducive  to  row  crop  production. 
A  ready  market  is  available  for  sugar  beets.   A  beet  processing  plant 
is  located  in  Lovel 1  just  25  miles  to  the  south  of  the  watershed. 

SUMMARY 

Crooked  Creek  has  potential  for  a  small  watershed  project  for  the 
purpose  of  developing  supplemental  agricultural  water. 

A  reliable  full  season  water  supply  could  be  provided  for  the 
1,400  acres  of  cropland  by  developing  an  artesian  well  field. 
Average  annual  benefits  from  the  project  would  be  $32,200  compared 
to  an  average  annual  cost  of  $25,300  resulting  in  a  benefit-cost  ratio 
of  1.3  to  1 . 
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TABLE    J      ESTIMATED    STRUCTURAL   COST -POTENTIAL   DEVELOPMENT 
Crooked   Creek  Watersheds   Wind-Bighorn-Clarks  Fork  River   Basin 


Item 

Unit 

Amount 
Planned 

E  st  imated 
Total  Cost 

STRUCTURAL  MEASURES 

(Dollars)!/ 

Construction 

Artesian   Well    Field 
Engineering    Services 
Project   Administration 
Water   Rights 


Well 


10 


256,000 

13,000 

^5,000 

3,000 


T'TAL    STRUZTURAL    MEASURE j 


317,000 


]J      Price   Bases      1975 
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TABLE  3  ANNUAL  COST 


Crooked  Creek  Watershed,  Wind-Bi ghorn-CI  arks  Fork  River  Basin 


(Dollars) 


Eva  1 uat  ion 
Unit 


Amortization  of  2/jj   Operation  and 
Installation  Cost"  Maintenance  Cost 


Total 


Artesian  We  1 1 

Field 


Project  Ad- 
mini  st  rat  ion 


GRAND   TOTAL 


21, 5< 


3.6( 


25,100 


3,600 


25.300 


]_/      Price    Base:      19J5 

£      6    1/6   percent,    25    years 
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OISPLAY  OF  ACCOUNTS 
^.aHPP^-l_^?on-om'l*c  Development  Account 
Beneficial  effects 

Irrigation  $27,100 

Externalities  5jJP_0_ 

Total  beneficial  effects  $32,200 

(annual  equivalent  value) 

Adverse  effects 

Installation  cost  $25,100 

Annual  OM&R  200 

Total  annual  cost  $25,300 

Net  beneficial  effects  $  6,900 

Region      Adjacent      Rest  of 
Regional  Development  Account  Region        Nation 

Beneficial  effects 

User  benefits 

Irrigation  $27,100  0 


Regional  benefits 


JCt^ 


Employment  impact  — '       /  6,300                    0 

Induced  and  stemming  from  — '  5^,200                    0 

Externalities  -JLlIQO                    0 

Total  beneficial  effects  $92,700                     0 
(annual  equivalent  value) 

Adverse  effects 

Investment  $10,100-2/             $14, 800 

0M&R  200                     0 

Externalities  -V  200 0 

Total  adverse  effects  $10,500                $14,800 
(annual  equivalent  value) 

Net  beneficial  effect  $82,200               -$14,800 

_]_/  Amortized  construction  cost  x  .30  +  0M&R 

2/  Irrigation  benefits  x  2.0 

]>J     Sponsors'  share  of  amortized  cost  less  land  rights 

k/     Land  right  costs  amortized  (5>  6  1/8%  for  25  years 


!  " 


f  §6 
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Social  Well-Beinq  Account 

A.  Income 

1.  Net  income  on  6  ranches  would  be  increased  about  $16,600  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production. 

3.  Community  income  would  be  increased  an  average  of  $80,000 
annually  because  of  increased  employment  and  business  generated 
by  project  installation  and  project  output. 

k.      Community  income  would  be  stabilized  by  more  dependable 
agricultural  production. 

B.  Employment 

1.  Production  of  increased  agricultural  output  will  create  about 
3  seasonal  onfarm  jobs. 

2.  Increased  agricultural  output  will  generate  about  an  additional 
1  full  time  job  in  the  agribusiness  industry  of  the  region. 

3.  Producing  the  increased  agricultural  output  of  the  project  will 
more  efficiently  utilize  the  presently  underemployed  labor 
resources  committed  to  ranches  in  the  project  area. 

C.  Life,  health,  and  safety 

1.   Increased  income  would  allow  beneficiaries  to  participate  more 
actively  in  social,  cultural,  recreational,  and  community 
activities  of  the  region. 

Environmental  Quality  Account 

A.  Summer  streamflow  will  be  increased  in  about  8  miles  of  Crooked  Creek. 

B.  Land  use  and  cover  will  change  from  dry  rangeland  to  irrigated  hayland 
on  about  250  acres. 
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YELLOWSTONE  BASIN  AND  ADJACENT  COAL  AREA 
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CROW  CREEK 

SUMMARY 


A  multipurpose  reservoir  for  flood  control  and  irrigation  water  storage  on 
Crow  Creek  will  provide  a  full  supply  of  irrigation  water  to  J,, 200  irrigated 
acres  and  to  2,600  acres  of  dryland  tk?,t  will,  with  project,  ba  placed  under 
irrigation. 

One  new  diversion  from  Crow  Greek  and  five  miles  of  canal  will  be  needed  to 
serve  the  new  irrigation  area. 

Estimated  annual  cost  of  structural  measures  is  $80,000.   Average  annual  pri- 
mary benefits  to  irrigation  resulting  from  structural  measures  are  $114,400. 
Average  annual  primary  benefits  frra  damage  reduction  are  $16,500. 

Increased  water  depletion  is  estimated  to  be  about  6,500  acre-feet  per  year. 

The  watershed  is  within  the  Wind  River  Indian  Reservation. 

LOCATION  AND  DESCRIPTION 

The  Crow  Creek  Watershed  is  located  in  northern  Fremont  County,  Wyoming,  in 
the  northwest  corner  cf  the  Wind  River  Indian  Reservation.   Crow  Creek  is  a 
perennial  stream  which  heads  high  in  the  Aboarcka  Mountains  and  flows  in  a 
southerly  direction  past  Black  Mountain  into  the  Wind  River  west  of  Crowheart 
Butte.   Elevations  range  from  5,700  feet  to  over  12,000  feet.   The  watershed 
is  about  30  miles  long  and  10  miles  wide.  Another  sizeable  drainage,  Sand  Draw, 
is  a  relatively  low  elevation  stream  which  flows  only  intermittently  in  its 
lower  reaches. 

There  are  about  118,000  acres  in  the  watershed,  all  privately  owned.   About  a 
dozen  ranches  operate  in  the  entirely  rural  watershed,  headquartered  mostly 
along  Crow  Creek.   There  are  2,605  irrigated  acres  in  the  watershed;  the 
remaining  acreage  is  range  and  timberlnnds.   The  irrigated  lands  are  used  to 
produce  winter  feeds  and  pasture  for  the  ranching  operations. 

PROBLEMS  AND  NEEDS 

Crow  Creek  lies  on  the  southern  slope  of  the  Absaroka  Mountain  Range,  which  is 
an  area  of  relatively  low  precipitation  for  such  high  elevations.   The  southern 
aspect  accelerates  the  snowmelt,  causing  a  smaller  and  shorter  runoff  than  might 
be  expected  in  a  similar  area.   These  conditions  are  conducive  to  flooding  in 
early  spring  and  to  short  irrigation  water  rupplies  in  mid  and  late  summer. 

F loodwager_Damage : 

The  lower  lands  along  Crow  Creek  are  flooded  frequently  by  rapid  snowmelt, 
intensive  rains,  or  n  combination  of  both.   The  most  recent  severe  flood 
occurred  in  raid-June  of  1965.   Irrigation  headgates  were  destroyed,  several 
irrigation  canals  were  washed  out  or  filled  with  sediment.   Fences,  canals,  and 


other  agricultural  properties  were  severely  damaged.  While  only  a  6tnall  amount 
of  cropland  was  inundated,  the  severe  and  extensive  damage  to  the  irrigation 
systems  prohibited  any  irrigation  for  the  remainder  of  the  growing  season.   Ten 
ranch  units  were  directly  affected  by  the  flood.   Floods  of  this  magnitude  have 
about  ten  percent  chance  of  occurrence.   Damaging  floods  occur  about  every 
other  year. 

Sediment: 

Crow  Creek,  and  especially  Sand  Draw,  contribute  large  amounts  of  sediment  to 
the  Wind  River.   The  sediment  is  derived  from  sheet,  gully,  and  bank  erosion. 
The  erosion  and  resulting  sediment  is  produced  by  high  intensity,  convective 
summer  rainstorms  which  cause  flash  flooding.   The  bedload  from  Sand  Draw  alone 
is  estimated  to  be  over  50,000  tons,  or  about  30  acre-feet  per  year.   This  bed- 
load  fills  up  downstream  irrigation  works,  causing  considerable  damage. 

Agricultural  Water  Management: 

There  are  2,606  acres  of  irrigated  land  in  the  watershed.   Of  these  acres, 
1,200  are  irrigated  from  Crow  Creek  and  the  remainder  from  the  Big  Wind  River. 
Lands  irrigated  from  the  Big  Wind  River  receive  an  adequate  supply  of  water. 
Lands  irrigated  from  Crow  Creek  have  a  short  season  supply.   By  July  15, 
average  flows  are  insufficient  to  supply  all  irrigated  lands.   Because  of  the 
short  water  supply,  average  hay  yields  are  only  about  one  ton  per  acre  compared 
to  a  potential  of  about  three  tons. 

The  present  low  net  returns  per  acre  result  in  few  improvements  in  the  irriga- 
tion systems.   Irrigation  efficiencies  are  only  about  20  percent,  and  the 
maintenance  costs  are  high.   There  is  a  need  to  improve  distribution  systems 
and  field  laterals,  some  fields  need  to  be  leveled,  and  hay  rotation  crops 
need  to  be  reestablished. 

PROPOSED  PROJECT 

The  proposed  project  provides  for  a  multipurpose  reservoir  to  retard  floodwater 
and  to  store  irrigation  water  for  1,200  acres  of  irrigated  land  and  2,600  acres 
of  dryland  that  are  proposed  for  development  for  irrigation.   A  canal  will  be 
constructed  to  serve  the  new  irrigation.   A  full  supply  of  irrigation  water  is 
planned  for  the  3,800  benefited  acres. 

Engineering: 

The  structural  measures  consist  of  a  multiple  purpose  floodwater  retarding  and 
irrigation  storage  reservoir  and  a  single  purpose  irrigation  water  delivery 
canal . 
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The  multiple  purpose  storage  reservoir  site  i3  located  on  Crow  Creek 
about  one  mile  north  of  Tipperary,  and  is  the  same  site  investigated 
previously  by  t?-?e  Bureau  of  Reclamation  and  the  Bureau  of  Indian  Affairs. 
The  dams  it e  is  located  in  Section  20  of  Township  7  North,  Range  4  West. 
A  125  foot  high  earth  dam  at  this  location  will  store  5,900  acre -feet 
of  irrigation  water  and  provide  a  full  season  supply  to  1,200  existing 
irrigated  acres  and  2,600  acres  of  new  land  in  eight  years  out  of  ten. 
An  associated  storage  of  1G0  acre-feet  of  sediment  and  4,000  acre-feet 
of  flocdwater  would  insure  the  needed  capacity  and  protect  the  structure 
and  the  downstream  acres  from  the  effects  of  floods.   The  water  stored 
for  irrigation  would  be  released  into  Grew  Creek  as  needed. 

The  released  water  will  be  diverted  from  Crew  Creek  by  existing  structures 
to  the  distribution  systems  of  the  1,200  acres  presently  irrigated. 

A  diversion  structure  will  be  constructed  in  Section  23,  Township  5  North, 

Range  4  West  to  divert  water  for  the  new  irrigation  development.   A  five 

mile  long  canal,  with  a  capacity  of  60  cfs,  will  carry  water  to  the  2,600 
acres  of  new  irrigated  land  which  lies  north  of  Crcwheart  Butte. 

Structure  data  is  ohown  in  Tables  1.  2  and  3. 


TABLE  1   STRUCTURE  DATA-DAM 


Est. 

Est. 

Drainage 
Area 

Height 
of  Dam 

Volume 
of  Fill  I 

Princ . 

Spillway 

Emerg.  Spillway 

Max.  Surf.  Area 
Em.  Spill.  Level 

Type 

Release 

Type 

7,  Chance 

1 

Rate 

of  Use 

Sq.  Mi, 

Fee  '.: 

Cu.  yd. 

CSM 

Acres 

30,0 

125 

474,000 

chute 

10 

chute 

2 

245 

TABLE  2   STRUCTURE  DATA -CANAL 


Le ngt h  _  j _Ca pac  i  t y__ 


es) |  (cf  - 

5.0       60 


Bottom 


Velocity 
j.n  Channel 
(ft. /sec.) 


2.9 


1 


Estimated 
Volume  of 
Excavation 
(cu.  ydi 

52,000 


TABLE  3   RESERVQ i XR  S TORAGE  CAPAC ITY 


Drainage 
Area 


Sq.   Mi. 
30.0 


• 


STORAGE  CAPAC  XT'/  PLANNED 


Sediment]      Detention  j     Vrriration    [    TojjlJ  _ Cap.   Available 


j-Acre-f  .- 


100 


4,000 


Ia06LJ_12.50)_ 


5,900 


10,000 


Additional   Storage 


Acre -feet 


45,000 


BjuJH 


■  . 


The  estimated  construction  cost  of  structural  measures  is: 

1.  Dam  $749,800 

2.  Canal,  with  diversion  structure    107,900 
TOTAL  $857,700 

Estimated  annual  operation  and  maintenance  eost  is: 

1.  Dam  $4,500 

2.  Canal,  with  diversion  structure    1,000 
TOTAL  $5,500 

Estimated  installation  cost  and  annual  cost  of  structural  measures 
are  shown  in  Tables  4  and  5. 


TABLE  4  DISTRIBUTION  OF  STRUCTURAL  COST 
(Dollars)  -U 


Structural 
Measures 

Construction 

Engineering 
Services 

Land  Easements 
and  R.  W. 

Project 
Admin. 

Install. 
Cost 

Dam 

749,800 

89,400 

81,000 

137,700 

1,057,900 

Canal 

107,900 

25,600 

1,400 

19,900 

154,800 

TOTAL 

857,700 

115,000 

82,400 

157,600 

1,212,700 

JJ   Price  Base;   1975 


TABLE  5   ANNUAL  COST 

(Dollars)  XJ 


Evaluation 
Unit 

Amortization  of 
Installation  Cost  U 

Operation  and 
Maintenance  Cost 

Total 

Dam 

56,500 

4,500 

61,000 

Canal 

8,300 

1,000 

9,300 

Project 
Administration 

9,700 

9,700 

GRAND  TOTAL 

74,500 

5,500 

80,000 

JJ   Price  Base:   1975 

2J   100  years  @  6  l/87„  interest 
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Most  of  the  irrigated  land  will  be  used  for  alfalfa  and  grass  for  hay  and  pas- 
ture with  small  grain  used  for  reestablishment .  Water  will  be  applied  by  sur- 
face methods. 

Complete  on-farm  systems  will  be  needed  on  2,600  acres. 

Soils 

The  soils  to  be  irrigated  have  not  been  classified.   They  are  primarily  very 
deep  sandy  loam,  loam,  and  sandy  clay  loam. 

Hydrology 

The  source  of  water  is  Crow  Creek,  a  tributary  of  the  Wind  River. 

The  average  and  807o  chance  streamflcw  by  month  as  determined  from  records  near 
the  proposed  site  are  as  follcws: 


MONTH 


Oct. 

Nov. 

Dec. 

Feb. 

W\~. 

Apr. 

Hay 

Juns 

July 

Aug. 

Sept. 

Average 
acre-feet 

400 

270 

240 

190 

180 

290 

460 

3,340 

8,070 

3,400 

760 

540 

80%  Chance 
acre-feet 

250 

170 

150 

110 

.1 1  0 

170 

290 

2,120 

5,110 

2,150 

480 

330 

The  estimated  80  percent  chance  yield  of  Crow  Creek  below  the  reservoir  site 
that  will  be  available  for  direct  diversion  is  4,800  acre-feet  per  year. 

There  is  sufficient  water  in  Crow  Creek  to  operate  the  reservoir  at  capacity 
and  provide  a  full  water  supply  to  3,800  acres  8  years  out  of  10. 

Irrigation  water  demand  for  3,000  acres  was  determined  to  be  as  follows: 


MONTH 


April 

May 

June 

July 

Aug. 

Sept. 

Irrigation  Demand 
acre-feet 

190 

2,280 

3,690 

4,940 

3,720 

3C0   j 

The  estimated  annual  consumptive  use  by  crops,  with  project  installed,  is 
6,100  acre-feet.   This  is  approximately  4,900  acre-feet  more  than  present  use. 
Allowing  for  incidental  uses,  the  estimated  increased  water  depletion  is  6,500 
acre-feet  per  year. 

The  water  is  of  good  quality  and  is  suitable  for  irrigation. 

■  i  ° 
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Effects  and  Economic  Feasibility 

Flood  Prevention:   Construction  of  a  multi-purpose  structure  at  the  Tipperary 
site  would  reduce  floodwater  damages  by  about  757».   With  this  structure  in 
place,  a  storm  similar  to  that  which  occurred  in  June  1965  would  cause  very 
little  damage.   The  structure  would  contain  all  flows  above  it  up  to  a  two 
percent  chance  occurrence.   Some  flooding  would  still  occur  from  infrequent 
intensive  storms  below  the  structure. 

Average  annual  floodwater  damages  would  be  reduced  from  $22,000  to  $5,500 
by  the  proposed  structure.   The  reduction  of  the  flood  threat  would  also 
permit  and  encourage  local  water  users  to  install  more  permanent  and 
adequate  diversion  structures. 

Irrigation:   The  proposed  structural  measures  would  produce  an  estimated 
$114,400  average  annual  primary  benefits  from  irrigation.   Net  income 
would  increase  about  $27.49  per  acre  on  lands  receiving  a  supplemental 
water  supply  and  $31.32  per  acre  on  those  acres  being  irrigated  for  the 
first  time.   There  are  about  13  units,  each  supporting  at  least  one  family, 
which  would  benefit  from  the  irrigation  development. 

Cost  allocation  and  comparison  of  benefits  and  costs  for  structural 
measures  are  shown  in  Tables  6  and  7. 


TABLE  6  COST  ALLOCATION 
(Dollars)  U 


Item 

PURPOSE  17 

Flood 
Protection 

AWM 

Total 

Dam 

147,700 

772,500 

920,200 

Canal 

134,900 

134,900 

GRAND 
TOTAL 

147,700 

907,400 

1,055,100 

1  /  Price  Base:   1975 

2  /  Excludes  Project  Administration 
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TABLE    7      COMPARISON   OF   BENEFITS   ACT   COSTS   FOR   STRUCTURAL  MEASURES 

(Dollars) 


Evaluation 
Unit 

AVERAGE  ANNUAL  BEI 

'EFITS  U 

1  Avg. 
Annual 
Cost  2J 

Benefit 

Cost 
Ratio 

Damage 
Reduction 

Irrigation 

Secondary 

Total 

Combined 
Structural 
Measures 
Dam  &  Canal 

16,500 

114,400 

20,950 

151,850 

70,300 

2.2:1.0 

Project  Ad- 
ministration j 

9,700 

GRAND  TOTAL 

16,500 

114,400 

20,950 

151,050 

80,000 

1.9:1.0 

\J   Price  Base:   Current  Normalized 
2_/  Price  Ease:   1975 
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DISPLAY  OF  ACCOUNTS 

National  Economic  Development  Account: 
t 

Beneficial  effects- 
Flood  Control  $  16,500 
Irrigation  114,400 
Externalities  20,950 

Total  Beneficial  Effects   $151,850 
(average  annual  value) 

Adverse  Effects- 
Installation  Cost          $74,500 
OM  &  R  5,500 
Total  Annual  Cost          $80,000 

Net  Beneficial  Effects  $71,850 

Regional  Development  Account; 
Beneficial  Effects 

User  Benefits 

Flood  Control 
Irrigation 

Regional  Benefits 

Employment  Impact  -L/ 

Induced  and  Stemming  From  2u 

Externalities 

Total  Benef-icial  Effects 

Adverse  Effects 
Investment 
Oil  &  R 

Externalities  -±-i 
Total  Adverse  Effects 

Net  Beneficial  Effect 

1  /  Amortized  Construction  Cost  x  307.  +  0  V,   &  R- 

1J   Irrigation  Benefit  x  2.0 

3  /  Sponsors  Share  of  Amortized  Cost  less  land  rights, 

4_/  Land  Rights  Amortized  (S   6  1/87.  for  100  years.  -     213 


Region 

Adjacent 

Rest  of 

Region 
-0- 

Nation 

$  16,500 

-0- 

114,400 

-0- 

-0- 

21,300 

-0- 

22S,800 

-0- 

-0- 

20,900 

-0- 

-0- 

$401,900 

-0- 

$27,700^/ 

$41,700 

5,500 

5,100 

$38,300 

$41,700 

$363,600 

-$41,700 

A 


Social  Well  Being  Account: 

A.  Income 

1„   Nee  income  on  13  ranches  would  be  increased  about  $113,000  annually. 

2.   Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production- 

3„   Community  income  weald  be  increased  an  average  of  nearly  $360,000 
lually  because  of  increased  employment  and  business  generated  by 

project  installation  and  project  output „ 

4„   Community  income  would  be  stabilized  by  more  dependable  agri- 
cultural production. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide 
an  average  annual  of  2  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  an 

:ional  10  seasonal  on  farm  lobs. 


3.  Increased  agricultural  output  will  generate  about  an  additional  5 
full  time  jobs  in  the  agribusiness  industry  of  Che  region. 

4.  Producing  the  increased  agricultural  output  of  the  project  will 
pore  efficiently  utilize  the  presently  underemployed  labor 
resources  committed  to  ranches  in  the  project  area. 


C. .Life,  Health,  and  Safety 

1.  Increased  income  would  allow  beneficiaries  to  more  actively 
participate  in  social,  cultural,  recreational,  and  community 
activities  of  the  region. 

2.  Increased  irrigation  water  supply  would  serve  as  a  fire  fighting 
source  of  water. 

3.  Reduction  of  flood  threat  will  provide  increased  security  for 

■ns  Cream  operators. 


.    %M 


Environmental  Account: 

1.   Irrigation  water  storage  would  provide  habitat  for  waterfowl,  in  a 
reservoir  varying  from  about  200  surface  acres  downward. 

2..  Late  season  irrigation  water  use  would  increase  the  amount  and 

duration  of  green  forage  use  by  deer  and  antelope  on  3,800  acres  of 
irrigated  land. 

3.  Improved  irrigation  water  supply  and  irrigation  water  management  would 
reduce  erosion  on  irrigated  cropland. 

4.  Development  of  irrigation  water 'would  commit  about  250  acres  of 
rangeland  to  a  water  storage  use. 

5.  Land  use  of  about  2,600  acres  will  be  changed  from  rangeland  to 
irrigated  hay  and  pasture. 

6.  Erosion  during  construction  and  revegetation  would  be  increased  on 
about  300  acres. 
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CYCLONE  BAR 
SUMMARY 

A  reliable  full  season  water  supply  can  be  developed  for  about  5,266  acres  of 

land  on  the  west  side  of  the  Clarks  Fork  of  the  Yellowstone  River,  in  Wyoming, 
in  the  vicinity  of  Clark  in  Park  County.  Water  from  the  Clarks  Fork  can  be 
diverted  and  stored  during  periods  of  flood  flow  to  supplement  the  flows  of  the 
Clarks  Fork  tributaries  which  arc  now  being  used  to  irrigate,  with  part  season 
supply,  an  area  of  about  Z,'r"^   acres.   Supplemental  supplies  to  2,076  acres  of 
presently  irrigated  land  and  new  water  supplies  to  3,190  acres  of  dry  grassland 

be  provided  at  an  annual  cost  of  about  $79,700  with  primary  benefits  of 
about  $116,000  annually.   Resulting  water  depletion  is  estimated  to  be  9,000 
acre- fee':  pe~  year. 

LOCATION  AMD  DESCRIPTION 

The  Cyclone  Bar  Watershed  is  located  in  Park  County  in  northwestern  Wyoming. 
The  watershed  has  a  total  of  about  170  square  miles  and  encompasses  the  western 
tributaries  of  the  Clarks  Fork  of  the  Yellowstone  River  from  Cyclone  Bar,  about 
3  miles  above  the  mouth  of  Clarks  Fork  Canyon,  to  the  Montana  state  Sine. 
Principal  tributaries  are  Littlerock  Creek,  Dennett  Creek,  and  line  Creek.   One- 

the  watershed  is  a  high,  glaciated  plateau  of  the  Beartooth  Mountains. 
From  the  plateau  the  and  drops  about  5,000  feet  in  a  distance  of  2  miles  to  the 
plain  of  the  Clarks  Fork  valley  at  an  elevation  of  about  *},000  feet.   Nearly 
three-fourths  of  the  watershed  is  native  range,  used  for  grazing;  about  one- 
fourth  is  forested  and  within  National  Forests;  and  about  3  percent  is  cropland. 
Surface  ownership  or  management  of  the  area  is  as  follows: 

P-ivate  21% 

State  3% 

Bureau  of  Land  Management  15% 

Forest  Service  60% 

Bureau  of  Reclamation  (less  than  1%) 

Irrigated  Land 

Within  the  Clarks  Fork  valley  area  of  the  watershed  there  are  about  20  farming 
units  with  about  3,300  acres  of  irrigated  land.   Water  rights  have  been  adjudi- 
cated to  more  than  3,000  acres.   Most  of  the  irrigation  water  is  supplied  by 
Littlerock  (Little  Rocky),  Bennett,  and  Line  Creeks.   A  small  area  is  irrigated 
with  water  pumped  from  the  Clarks  Fork.   Historic  use  of  irrigated  land  is 
nearly  90%  hay  and  pasture  and  about  10%  small  grain,  beans,  and  sugar  beets. 
There  is  a  late  season  irrigation  water  shortage. 

CI  imate 

The  project  has  a  longer  growing  season  than  most  areas  of  Wyoming,  with  an 
average  frost-free  period  of  150  days  or  more.   Average  annual  precipitation  is 
about  10  inches  with  about  6       of  rainfall  during  the  growing  season. 
Annual  consumptive  use  of  locally  irrigated  crops,  which  are  largely  grass  and 

ilfa,  is  estimated  to  be  26  inches.   The  estimated  average  net  irrigation 
requirement  Is  about  23  inches  per  year. 


PROBLEMS  AND  NEEDS 

The  water-related  problems  in  the  watershed  include  a  shortage  of  irrigation 
water,  flood  damage  to  diversion  and  ditch  structures,  and  winter  icing  in 
Littlerock  and  Bennett  Creeks. 

Ice  Accumulation 


Each  winter  a  reach  of  Bennett  Creek  is  blocked  by  the  formation  of  anchor  ice 
which  builds  up  from  the  bottom  of  the  stream.  The  resulting  ice  sheet  formed 
on  the  adjacent  land  leaves  as  much  as  1  square  mile  of  land  saturated  through 
the  first  half  of  the  summer. 

Flood  i  ng 

High  water  from  snowmelt  causes  annual  damage  to  diversion  and  ditch  structures. 
Diversions  and  other  structures  are  temporary  or  are  of  materials  having  rela- 
tively short  life.   Interruptions  in  water  service  result  from  structure  failure. 
The  present  situation  of  water  shortage  gives  little  incentive  to  invest  in 
improved  systems. 

Irrigation  Water  Supply 

The  small  tributary  streams  that  supply  water  to  most  of  the  irrigated  acres 
provide  most  of  their  seasonal  yield  during  the  short  period  of  snowmelt  in  June 
and  July.   An  irrigation  water  shortage  often  occurs  in  the  spring  and  exists 
every  year  in  late  summer.   A  full  season  supply  is  needed  for  land  presently 
irrigated  to  improve  production,  maintain  stands,  and  to  make  improved  systems 
and  better  water  management  profitable. 

The  tributary  streams  do  not  have  suitable  sites  for  floodwater  storage  to  pro- 
vide floodwater  protection  or  to  store  water  for  late  season  irrigation. 

Development  of  additional  irrigated  land  is  desirable  to  provide  for  the  exist- 
ing farm  units. 

An  application  for  assistance  under  the  Watershed  Protection  and  Flood  Preven- 
tion Act  was  submitted  by  the  Powel 1 -Clarks  Fork  Soil  and  Water  Conservation 
District  in  1963. 

A  preliminary  investigation  report,  prepared  by  the  Soil  Conservation  Service 
in  1 96^4 ,  proposed  possible  solutions  to  the  problems.   The  problems  and  needs 
still  exist,  and  the  watershed  was  identified  as  a  potential  project  in  the 
USDA-Wyomi ng  Type  IV  Study  of  the  Wi nd-Bighorn-C larks  Fork  River  Basin  Study 
of  \31k. 

PROJECT  PROPOSAL 

The  proposed  project  will  divert  water  from  Clarks  Fork  with  off-stream  storage 
on  Lake  Creek  and  distribution  systems  to  provide  an  80  percent  chance  supply 
to  1,870  acres  of  presently  irrigated  land  and  to  3,190  acres  of  nonirrigated 
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grassland.   An  additional  206  acres  of  irrigated  land,  lying  above  the  supply 
from  Clarks  Fork,  will  be  assured  of  a  full  supply  because  of  the  reduced  demands 
on  Bennett  "reek  and  Littlerock  Creek. 

Assuming  a  35  percent  efficiency  of  combined  delivery  and  on-farm  use,  a  return 
flow  of  about  70  "r'cent  of  apparent  tosses,  and  recovery  within  the  project 
area  of  70  percent  of  return  flow,  the  required  diversion  is  about  twice  the  net 
irrigation  requirement.   Based  on  the  above  assumption,  a  diversion  of  about 
3,^00  acre-feet  is  needed  from  Clarks  Fork  in  June  and  July.   An  additional 
volume  of  about  4,300  acre-foet  is  needed  from  Clarks  Fork  for  May  and  August. 
The  volume  of  'i,S00  will  be  placed  in  storage  during  the  flood  flows  that  gener- 
ally occur  from  May  to  July. 

The  increased  acreage  under  irrigation  will  permit  the  use  of  more  of  the  June- 
July  flows  of  Littlerock  and  Bennett  Creeks. 

The  above  assumption  of  efficiency  and  return  flow  assumes,  also,  that  the  un- 
recoverable loss  to  nonbenef icia 1  consumptive  use,  incidental  use,  evaporation, 
and  groundwater  buildup  is  slightly  less  than  cne-half  of  the  net  irrigation 
requirement.   The  additional  annual  consumptive  use  by  crops  resulting  from 
project  will  be  about  6,500  acre-feet.   The  additional  water  depletion  resulting 
from  the  project  will  be  about  9,000  acre-feet  annually. 

Mo  additional  drainage  problems  are  expected  with  the  project. 

Eng  ineer  i  ng 

Planned  structural  measures  consist  of  a  diversion  structure  in  Clarks  Fork,  a 
supply  canal  to  carry  water  to  storage,  a  dam  in  Lake  Creek,  and  delivery  canals 
to  existing  distribution  systems. 

A  diversion  structure  in  Clarks  Fork  at  Cyclone  Bar  with  a  supply  canal  to  Lake 
Creek  will  have  a  capacity  of  1C0  cfs.   Topography  and  soil  along  the  18,000- 
foot  canal  route  requires  the  inclusion  of  about  3,000  feet  of  siphon.   The  canal 
will  carry  the  direct  flow  diversions  needed  for  irrigation  in  the  early  season 
and  summer  flood  flows  that  will  be  stored  for  late  season  irrigation. 

A  dam  *>5  feet  high  will  form  a  reservoir  in  Lake  Creek  in  section  k,    T.  56  N., 
R.  103  W.  that  will  have  a  capacity  of  about  5,100  acre-feet.   The  planned 
reservoir  includes  a  capacity  of  150  acre-feet  for  sediment  and  50  acre-feet 
for  flcodwater  to  provide  for  the  5  square  miles  of  natural  drainage  into  the 
reservoir.   F.arth  embankment  volume  is  about  120,000  cubic  yards. 

Water  from  the  Lake  Creek  reservoir  will  be  delivered  by  canal  to  Littlerock 
and  Bennett  Creeks  and  to  existing  distribution  systems  in  the  irrigated  area. 
Delivery  canals  will  be  about  7.8  miles  long  and  have  a  capacity  at  the  storage 
site  of  80  cfs. 

Structure  data  are  shown  in  the  following  tables: 
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Structure  Data  -  Dam 


N 


Dra  inage 
Area 

Height 
of  Dam 

Vol ume 
of  Fill 

Principal 

Spi 1 1  way 

Emergency 

Spi 1 1  way 

Surface  Area 

Emergency 
Spill. Level 

Type 

Release 
Rate 

Type 

%   Chance 
of  Use 

Sq.  Mi. 

5 

Feet 
45 

Cu.  Yd. 
120,000 

RCP 

CSM 
12 

Veg. 
Earth 

2.0 

Acres 
400 

Reservoir  Storage  Capacity 


Dra  inage 
Area 


STORAGE  CAPACITY  PLANNED 


Sed  iment 


Detent  ion 


I rr  igat  ion   Total 


Add  i  t  iona 1 

Storage  Capacity 

Ava  i 1 abl e 


Sq.  Mi 

5 


150 

(.56; 


-Acre-feet  (inches  equiv.) 


50 
(.19) 


4,900 


5,100 


Acre-feet 
None 


Structure  Data  -  Canals 


Length 

Capaci  ty 

Bottom  Width 

Flow  Depth 

Veloc  i  ty 

Volume  of 
Excavat  ion 

Mi  les 

CFS 

Feet 

Feet 

FPS 

C.Y. 

3-3 

100 

6.0 

3-6 

2.3 

31 ,000 

4.8 

80 

5.0 

3.4 

2.1 

40,000 

3-0 

45 

4.0 

2.6 

1.8 

19,000 
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The  estimated  installation  cost  of  structural  measures  is: 


Construction  cost,  diversion  structure 

"  ,  supply  canal 

,  dam 

'  ,  del i very  canal 

SUBTOTAL  CONSTRUCT  JON  ' 

Engineering  Services 
F  o  ect  Administration 

!a«  ments  and  Rfghts-of- ■ 

TAL  STRUCTURAL  MEASU 


$  46,500 
252,600 
310,500 
200,400 

$  0(0,1 

-  0 

141,700 

1 4,800 

$1,1 


The  estimated  annual  cost  of  operation,  maintenance,  and  repair  is 


Diversion  structure 

Supply  canal 

Dam 

Del ivery  canal 


$  1,000 

3,800 
2,300 
3,000 


TOTAL  $   10,100 

The  estimated  average  annual  cost  of  structural  measures  is  shown  below: 

Annual  Cost  (Dollars)  - 


Eva! uat  ion 
Unit 

Amort  izat ion 
1 n  s  t  a  1 5  a  t  i  on 

of 
Costs 

2/ 

Op 
Mai 

erat  ion 
ntenance 

and 
Cost 

;  Total 

Diversion,  canals, 
and  reservoir 

Project 
Admini  strat  ion 

60,900 
8,700 

10,100 

71,000 
8,700 

TOTAL 

69,600 

10,100 

79,700 

]_l   Price  base  1975 

2/  Amortized  50  years  @  6  1/8% 

An  on-farm  treatment  program  is  needed  to:   (1)  insure  adequate  water  delivery 
to  all  of  the  irrigated  lands,  maintain  favorable  soil  and  moisture  conditions 
through  irrigation  water  management, and  effectively  utilize  irrigation  water  on 
the  grassland  to  meet  the  hay  and  pasture  needs  of  the  livestock-based  economy 
and  (2)  introduce  high  producing  grasses  and  legumes  on  pasture  and  hayland  and 
maintain  or  improve  fertility  of  the  soil. 

Land  treatment  measures  needed  to  accomplish  the  above  objectives  are:   (1)  irri- 
gation system  improvement  including  structures  and  lining;  (2)  improved  irrigation 
water  management;  (3)  land  smoothing  with  brush  and  rock  removal;  (4)  pasture  and 
hayland  seedings;  and  (5)  improved  pasture  and- "hay  land  management  and  proper 
graz  ing. 
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Much  of  the  soil  is  rocky  and  unsuitable  for  cultivation.   Irrigated  land  will 
continue  to  be  used  for  pasture  and  hay.   The  prevailing  irrigation  water  appli- 
cation method  of  using  contour  ditches  is  expected  to  continue. 

Soi  1  s 

The  predominant  irrigated  soils  are  of  the  Otero  and  Haverson  series.   These 
soils  are  deep  to  very  deep  sandy  loams  and  silty  clay  loam.   Permeability: 
moderate  to  moderately  rapid  (intake  families  1.0  and  1.5)  with  high  to  moderate 
available  water-holding  capacity  (1.4  inches  to  2  inches  per  foot  of  depth  in 
the  5"foot  root  zone) . 

Other  soil  in  the  vicinity  of  the  irrigated  land  is  an  unclassified  gravelly 
cobbly  loam.   Much  of  this  soil  is  rocky  to  the  extent  that  the  opportunity  for 
cultivation  is  limited.   Internal  drainage  is  rapid. 

A  preliminary  investigation  report  dated  February  1 964  indicates  an  irrigable 
area  of  about  8,000  acres  in  the  Clarks  Fork  valley  within  the  watershed. 

Profile  descriptions  of  the  named  soil  series  follow: 

Otero:   In  a  representative  profile  the  surface  layer  is  dark  brown,  neutral 
sandy  loam  about  4  inches  thick.   The  underlying  layer  is  moderately  alkaline 
sandy  loam  that  reaches  to  a  depth  of  about  42  inches.   This  layer  is  underlain 
by  moderately  alkaline  very  fine  sandy  loam  that  reaches  to  a  depth  of  60  inches 
or  more.   Permeability  is  moderately  rapid,  and  the  available  water-holding 
capacity  is  moderate  (6  to  9  inches).   The  effective  rooting  depth  is  60  inches 
or  more. 

Haverson:   In  a  representative  profile  the  surface  layer  is  light  brownish  gray, 
moderately  alkaline  loam  about  4  inches  thick.   The  underlying  layer  is  light 
brownish  gray,  moderately  alkaline  loam  that  is  stratified  with  thin  lenses  of 
clay  loam  and  sandy  loam.   This  material  reaches  to  a  depth  of  60  inches  or  more. 
Permeability  is  moderate  and  available  water  capacity  is  high.   The  effective 
rooting  depth  is  60  inches  or  more. 

Hydrology 

No  streamflow  records  are  available  for  the  tributary  streams  of  Littlerock, 
Bennett,  or  Line  Creeks.   Base  flow  in  the  three  streams  has  been  estimated  to 
be  15  cfs,  10  cfs,  and  5  cfs,  respectively,  during  the  months  of  April,  May, 
August,  and  September.   In  late  June  and  July  flows  of  35  cfs  in  Littlerock 
Creek,  35  cfs  in  Bennett  Creek,  and  20  cfs  in  Line  Creek  are  available. 

Streamflow  in  the  Clarks  Fork  is  recorded  at  Chance,  near  the  Montana-Wyoming 
state  line.   Monthly  yields  for  the  months  of  April  through  September,  based 
on  a  40-year  record,  are  shown  in  the  following  tabulation: 

Flow  Clarks  Fork  at  Chance  (Acre-Feet) 


Percent  chance 


Months 


April   :    May    :   June   :   July   :  August  :  September 
80         16,800    80,800   186,000    73,300   24,600    11,700 
50         22,500   117,000   228,000   119,000   35,200    17,800 
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Use  of  the  water  of  the  Clarks  Fork  is  a  subject  of  the  Yellowstone  River 
Compact  between  the  states  of  Montana,  Worth  Dakota,  and  Wyoming.   The  compact 
provides  r'or   continuation  of  appropr iat ive  rights  to  the  beneficial  use  of  the 
waters  of  the  Clarks  Fork  as  rights  existed  prior  to  the  year  1950.   Supple- 
mental supp? ies  were  also  allocated  to  those  rights.   The  remainder  of  the  unused 
and  unappropriated  water  is  allocated  60  percent  to  Wyoming  and  ^0  percent  to 
Montana.   The  amount  of  the  appropr iat ive  rights  has  not  been  established. 
Based  on  estimates  of  present  use  and  appropriations,  the  unappropriated  water 
in  the  Clarks  ^ork  that  is  available  for  use  in  Wyoming,  80  percent  of  the  years, 
has  been  estimated  to  be  about  36.000  acre-feet  in  May,  9^,000  acre-feet  in  June, 
and  27,000  acre-feet  in  July.   There  may  be  no  unappropriated  water  available 
in  August  and  September. 

Nine  years  of  monitoring  water  quality  in  the  Clarks  Fork  near  the  Montana- 
Wyoming  state  line  show  total  dissolved  solids  range  from  highs  of  200  to  250 
mg/1  in  the  spring  or  winter  to  lows  of  50  to  60  mg/1  in  June  and  July.   No 
water  quality  records  are  available  for  the  tributary  streams  within  the  water- 
shed. 

F.conomics 


The  structural  program  will  provide  a  full  water  supply  to  3,190  acres  of  dry 
grassland,  a  supolemental  supply  to  1,8/0  acres  of  irrigated  land  below  the 
project  canals,  and  assure  a  full  water  supply  to  206  acres  above  the  canals 
through  an  exchange  of  water. 

Benefits  on  the  presently  irrigated  area  would  be  about  $8.39  per  acre  and  on 
dry  grassland  would  be  about  $31  -1'3   per  acre  annually.   Benefits  to  the  206 
acres  above  the  canals  were  not  evaluated.   Primary  benefits  attributed  to  the 
structural  measures  are  estimated  to  be  $116,000  annually. 

A  comparison  of  benefits  and  costs  for  structural  measures  is  shown  in  the 
table  below: 


(Dol lars) 


Eval uat  ion 
Unit 


AVERAGE  ANNUAL  BENEFITS!/ 
Irrigation  \    Secondary  '   Tota 


Avg .  Annual 
Cost!/ 


Benefit  Cost 
Rat  io 


Divers  ion , 
Canals,  and 
Reservoi  r 


116,000 


25,500     I'd,  500 


71 ,000 


2.0:1 


Project 
Administrat  ion 


8,700 


GRAND  TOTAL   116,000 


25,500     U.I,  500 


79,700 


1.8:1.0 


J_/  Price  base  Current  Normalized. 
2/  Price  base:   1975 


. 
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DISPLAY  OF  ACCOUNTS 

National  Economic  Development  Account 

Beneficial  effects 

Irrigation  $116,000 

Externalities  25,500 

Total  beneficial  effects  $141,500 
(annual  equivalent  value) 

Adverse  effects 

Installation  cost  $  69,600 

Annual  0M&R  10,100 

Total  annual  cost  $  79,700 

Net  beneficial  effects  $  61,800 


Regional  Development  Account 


Beneficial  effects 


Region    Adjacent     Rest  of 
Region      Nation 


User  benefits 
Irrigation 

Regional  benefits 

Employment  impacts-L' 
Induced  and  stemming  fromr.' 
Externalities 

Total  beneficial  effect 
(annual  equivalent  value) 

Adverse  effects 

Investment 
OM&R 

Externalit  iesit' 
Total  adverse  effects 

(annual  equivalent  value  ) 

Net  beneficial  effects 


$116,000 


25,000 
232,000 

25,500 
$398,500 


0 
0 


$  25,8001/  0 

10,100  0 

950  0 

$  36,850  0 


$361,650 


0 
0 
0 


$42,850 


$42,850 


-$42,850 


1/  Amortized  construction  cost  X  . 30  +  O&M 

2/  Irrigation  benefits  X  2.0 

3/  Sponsors'  share  of  amortized  cost  -  less  land  rights 

kj  Land  rights  amortized  @  6  1/8%  interest  for  50  years 


%. 
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Social  Well-Being  Account 

A.  Income 

1.  Net  income  on  20  ranches  would  be  increased  about  $105,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production. 

3.  Community  Income  would  be  increased  an  average  of  $360 , 000  annually 

cause  of  increased  employment  and  business  generated  by  project 

installation  and  project  output, 

4.  Community  income  would  be  stabilized  by  more  dependable  agricultural 
production. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide  an 
average  annual  of  2  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  10  seasonal  on-farm  "jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional  5 
full  time  jobs  in  the  agribusiness  industry  of  the  region. 

4.  Producing  the  increased  agricultural  output  of  the  project  will  more 
:c:iciently  utilize  the  presently  underemployed  labor  resources  com- 
mitted to  ranches  in  the  project  area. 

C.  Life,  health  and  safety 

1.   Increased  income  would  allow  beneficiaries  to  participate  more  active- 
ly in  social,  cultural,  recreational  and  community  activities  of  the 
region. 


Environmental  Quality  Account 

A.  Irrigation  water  storage  would  provide  habitat  for  waterfowl  during  the 
early  summer  season  at  a  reservoir  of  400  surface  acres. 

B.  Late  season  irrigation  water  use  would  increase  the  amount  and  duration 
of  green  forage  use  by  wildlife  on  about  5,000  acres. 

C.  Development  of  irrigation  water  would  commit  about  400  acres  of  rangeland 
to  a  water  storage  use. 

D.  A  pool  of  400  surface  acres  could  be  available  for  recreation  in  the 
early  summer. 

E.  Land  use  of  about  3,000  acres  will  change  from  dry  grassland  to  irrigated 
gra'ssland. 
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GOOSEBERRY  CREEK 

SUMMARY 

Irrigation  water  supply  can  be  improved  for  part  of  the  irrigated  land  on 
Gooseberry  Creek  that  is  now  being  irrigated  with  an  inadequate  water  supply. 

A  50  percent  chance  supply  can  be  provided  to  2,110  acres  of  the  water- 
short  area  in  addition  to  the  500  acres  that  now  have  a  full  supply. 
Off-stream  storage  of  about  3,6^0  acre-feet  from  Gooseberry  Creek  will 
provide  for  late  season  irrigation  water.   The  stored  water  is  equivalent 
to  the  excess  spring  flows  of  a  50  percent  chance  runoff.   The  estimated 
increased  average  annual  diversion  resulting  from  the  project  is  about  3,600 
acre-feet,  and  the  estimated  average  increase  in  depletion  is  about  2,700 
acre-feet . 


LOCATION  AND  DESCRIPTION 

Gooseberry  Creek  rises  in  the  Shoshone  National  Forest  in  Hot  Springs 
County  at  an  elevation  of  about  10,000  feet  and  flows  through  Park, 
Hot  Springs,  and  Washakie  Counties  to  the  Bighorn  River  at  a  point  about 
9  miles  southwest  of  the  town  of  Worland.   Total  drainage  area    is  about 
360  square  miles,  of  which  about  12  percent  is  forested.   About  60  percent 
of  the  area    is  federal  land,  most  of  which  is  administered  by  the  Bureau 
of  Land  Management.   About  3,800  acres  along  the  lower  two-thirds  of  the 
creek  is  irrigated.   The  irrigated  land  lies  in  a  long,  narrow  strip  in  the 
valley  of  Gooseberry  Creek  at  an  elevation  range  of  ^+,200  to  5,800  feet. 

Average  annual  precipitation  in  the  irrigated  area    is  about  8  inches. 
Slightly  more  than  half  of  the  precipitation  occurs  during  the  growing 
season.   The  annual  mean  temperature  is  about  i+5°F.   The  average  number 
of  frost-free  (32°F.)  days  is  125. 

Average  annual  consumptive  use  of  feed  crops  being  grown  is  about  25 
inches;  effective  precipitation  is  about  h    inches;  estimated  net  irrigation 
requirement  is  21  inches. 


PROBLEMS 

The  major  water-related  problems  are  a  shortage  of  irrigation  water  and 

some  streambank  erosion.   Floods  are    infrequent,  and  resulting  damages 

are  relatively  minor  because  there  is  little  development  in  the  floodplain. 

I  rr i  gat  ion  Water 

The  major  economic  activity  in  the  watershed  is  the  livestock  operation 
carried  on  by  about  20  ranches.   Irrigation  is  needed  in  the  area    of  low 
rainfall  to  produce  the  feed  needed  to  supplement  grazing  of  the  native  range, 
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Water  rights  have  been  adjudicated  to  about  8,100  acres  along  Gooseberry 
Creek.   Although  the  water  yield  is  too  small  and  too  erratic  to  support 
irrigation  on  all  of  the  area  with  water  rights,  an  attempt  is  being  made 
to  irrigate  about  3,800  acres  when  water  is  available. 

Any  improvement  in  water  supply  for  irrigation  will  require  storage  of 
flood  flows  for  use  in  the  late  season.   An  80  percent  chance  supply  is  a 
generally  accepted  level  of  development  and  assumes  that  a  shortage  in  20 
percent  of  the  years  is  acceptable.   Preliminary  studies  by  the  Soil 
Conservation  Service  in  I960  indicate  that  a  storage  reservoir  of  7,300 
acre-foot  capacity  would  be  required  to  provide  an  80  percent  chance  full 
supply  to  only  1,700  acres. 

Plans  that  proposed  importing  water  into  the  watershed  have  not  been 
successful . 


PROJECT  PROPOSAL 

The  proposed  project  will  store  the  available  spring  flows  of  Gooseberry 
Creek  in  an  off-stream  reservoir  and  provide  a  50  percent  chance  supply 
to  2,110  acres  of  irrigated  land  that  now  have  a  severe  water  shortage. 

Eng  ineer  ing 

Structural  measures  are  a  single  purpose  off-stream  irrigation  dam  with  a 
supply  canal  from  Gooseberry  Creek. 

The  dam,  located  in  section  26,  T.i+7N.  ,  R.98W.,  will  have  a  capacity  of 
about  3.700  acre-feet.   Live  storage  capacity  for  irrigation  will  be 
3,6^0  acre-feet.   The  earth  fill  embankment  will  be  70  feet  high. 
Releases  for  irrigation  will  be  made  into  a  natural  channel  that  is  a 
tributary  to  Gooseberry  Creek. 

A  diversion  structure  will  be  constructed  in  Gooseberry  Creek  in  section  28, 
R.47N. ,  R.98W.,  and  about  2  miles  downstream  from  highway  120.   A  supply 
canal  2  miles  long  will  carry  water  from  the  diversion  structure  to  the 
storage  reservoir.   Capacity  of  the  diversion  structure  and  supply  canal 
will  be  100  cfs. 

Gooseberry  Creek  and  the  existing  diversion  and  conveyance  structures 
will  be  used  to  distribute  the  releases  from  storage. 


The  estimated  cost  of  structural  measures  is: 

Construction  cost-diversion  structure  $   77,600 

"        "  -supply  canal  ^6,600 

"   -dam  607,500 

Subtotal  -  Construction  costs  $   731,700 

Engineering  services  87,800 

Project  administration  128,300 

Land  easements  and  rights-of-way  1 75 ,500 

TOTAL  STRUCTURAL  MEASURES  $1,123,300 


\ 
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Estimated  annual  operation,  maintenance,  and  repair  costs  are 


Diversion  structure 

Supply  canal 

Dam 

TOTAL 


$  800 

700 

^,400 

$5,900 


Estimated  annual  cost  in  dollars  1/  of  structural  measures  is: 


Evaluat  ion 
Unit 

Structural  Measures 


Amort  izat So 
Snstal lat  ion 


n  of      I  Operation  and 
n  Cos t  2J  j  Maintenance  Cost 


61J  00 


^2P_p_ 


Project 

Adm  in  i  strat  ion 


_L^op_ 


Total 


67,000 


7.900 


TOTAL 


jL9i000_ 


5,900 


7^,900 


\]    Price  Base:   1975 
2/  100  yrs.  (5)  6  1/8% 

Irrigation  water  can  be  used  more  effectively  by  improving  on-farm  systems. 
Needed  measures  include  canal  lining,  control  structures,  land  leveling, 
and  reorganization  of  canals.   Application  of  water  will  continue  to  be  by 
surface  methods. 

So  i  1  s 

Most  of  the  soil  presently  irrigated  is  moderately  deep  to  deep.   Only  a 
small  area  has  a  limited  depth  for  moisture  extraction.   Textures  range 
from  clay  to  sandy  loams.   Soil  series  represented  include  Apron,  Bayard, 
Las  Animas,  Glending,  Lostwells,  Stutzman,  and  Youngston.   intake  rates 
vary  from  intake  group  0.5  to  intake  group  1.5.   Available  water  holding 
capacities  in  the  root  zone  are   about  2  inches  per  foot  depth  to  l.^t  inches 
per  foot  depth. 

Brief  profile  descriptions  of  the  identified  series  follow; 

Apron  -  The  surface  layer  is  light  brownish  gray  sandy  loam  about  6  inches 
thick.  It  is  underlain  by  sandy  loam  that  extends  to  a  depth  of  60  inches 
or  more.   The  soil  is  moderately  alkaline  and  calcareous  throughout. 

Bayard  -  Soils  are  -deep,  well  drained,  fine  sandy  loams  to  a  depth  of  60 
inches  or  more. 

Las  Animas  -  Deep  somewhat  poorly  drained  soils  formed  in  alluvium  on 
floodplains.    In  a  typical  profile  the  surface  layer  is  sandy  loam  about  6 
inches  thick.   The  subsurface  layer  is  stratified  sandy  loam,  loamy  sand, 
and  loam  that  extends  to  60  inches  or  more. 

Glending  -  Moderately  well  drained  soils  formed  in  alluvium.   The  surface 
layer  is  light  gray  sandy  loam  about  1  inch  thick.   The  underlying  layer  is 
stratified  sandy  loam,  very  fine  sandy  loam  and  fine  sand  to  60  inches  or 
more. 
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Lostwells  -  In  a  representative  profile  the  surface  layer  is  sandy  clay 
loam  about  10  inches  thick.   The  underlying  material  is  sandy  clay  loam 
stratified  with  thin  lenses  of  sandy  loam  and  clay  loam  to  a  depth  of 
60  inches  or  more.   The  soil  is  moderately  alkaline  and  calcareous 
throughout. 

Stutzman  -  Well  drained  soils  formed  on  alluvial  fans  and  terraces. 
Texture  is  s i 1 ty  clay  loam  to  a  depth  of  60  inches. 

Youngston  -  Surface  layer  is  clay  loam  about  8  inches  thick.   The  underlying 
material  is  clay  loam  stratified  with  thin  lenses  of  sandy  clay  loam,  silty 
clay  loam  and  sandy  loam  to  a  depth  of  60  inches  or  more.   The  soil  is 
moderately  alkaline  and  calcareous  throughout. 
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Hydrology 

Twelve  years  of  record  at  the  gaging  station,  "Gooseberry  Creek  near  Grass 
Creek,"  which  is  about  1  mile  upstream  from  highway  120,  show  an  average 
annual  flow  of  9,900  acre-feet.   Diversions  for  nearly  400  of  the  3,800 
irrigated  acres  are   above  the  station.   Flows  are  erratic,  with  annual 
yields  varying  from  a  maximum  of  21,480  acre-feet  to  a  minimum  of  1,480 
acre-feet  in  the  12-year  period. 

The  50  percent  and  80  percent  chance  yield  by  month  at  the  station  "near 
Grass  Creek"  is  shown  below: 


Z   Chance 

MONTH 

50 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sep. 

'Acre-F 
540 

i+30 

360 

210 

90 

170 

/940 

2,160 

1  ,880 

420 

170 

240 

80 

220 

180 

110 

60 

80 

230 

570 

1,320 

1  ,020 

150 

80 

70 
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There  is  enough  available  water  in  Gooseberry  Creek  to  store  3,640  acre-feet 
in  a  50%  chance  year  and  1,430  acre-feet  in  an  80/  chance  year. 

The  estimated  water  use,  based  on  the  with-project  composite  acre  for  the 
2,110  benefited  acres,  assumes  a  net  irrigation  water  use  of  about  15  inches 
per  year  and  an  overall  water  use  efficiency  of  50  percent  after  using 
recoverable  return  flows.   With  these  assumptions,  the  average  annual  diversion 
requirement  will  be  3,600  acre-feet  greater  with  project.   Average  annual 
depletion  is  estimated  to  be  2,700  acre-feet  greater  with  project. 

The  water  in  Gooseberry  Creek  is  of  suitable  quality  for  irrigation. 

Economi  cs 

The  single-purpose  irrigation  reservoir  will  provide  a  full  season  water 
supply  for  2,610  acres  during  5  of  10  years  (including  500  acres  that  pre- 
sently have  a  full  supply).   All  crop  yields  will  be  increased  to  near 
maximum  during  the  years  when  a  full  season  supply  is  available.   Crop 
yields  on  2,110  acres  with  the  structural  program  in  place  compare  to 
those  without  the  project  as  follows: 


£35 


WITHOUT  PROJECT 


WiTH  PROJECT 


£ro£ 

Alfalfa  hay 
Other  hay 
Alfalfa  est, 
Barley 
Pasture 
Sugar  beets 
Corn  silage 


Ccmposj  te  Acre 

.5 

.3 

.1 

.1 


Yield 

1  „6  Ton 
1  „6  Ton 

kl    Bu. 
3  AUM 


Composite  Acre 


.5 


Yield 

3.5  Ton 

55  Bu.  Bly, 
90  Bu. 
k   AUM 
22  Ton 
20  Ton 


Comparison  of  benefits  to  costs  for  structural  measures  is  shown  in  the 
fol lowing  table : 


Evaluat  ion 
Unit 


Structural 

Measures 


Project 
Admini  strat ion 


AVERAGE  ANNUAL  BENEFITS  1/ 


I  rr  igat  ion   |  ..Secondary  I  Total 


88,500 


(dol  1  aijs ) 
18,000         1    106,500 


Avg„ 
Annual 
Cost  2J 


67,000 


_L20?_ 


Benef  i  t 

Cost 

Ratio 


.6:1.0 


^RAND   TOTAL 


88,500 


\j    Price   Base:      Current   Normalized 
2/    Price   Base:      1975 


i8j°9JL 


106,5001     7^,900 


1.^:1.0 


DISPLAY  OF  ACCOUNTS 

National  Economic  Development  Account 

Beneficial  effects 

I rrigat ion  $  88,500 

Externalities  18,000 

Total  beneficial  effects  $106,500 

(annual  equivalent  value) 

Adverse  effects 

Installation  cost  $69,000 

Annual  0M&R  5 ,900 

Total  annual  cost  $74,900 

Net  beneficial  effects  $31,600 

Adjacent    Rest  of 
Regional  Development  Account  Reg  ion      Region      Nat  ion 

Beneficial  effects 

User  benef  i  ts 

Irrigation  $  88,500        -0-         -0- 

Reg  iona 1  benef  i  ts 

Employment  impact  ]_/  19,^00  -0- 

Induced  and  stemming  from  2/      117,000        -0-         -0- 
External i t ies  18,000        -0-         -0- 

Total  beneficial  effects  $2^2,900  -0-  ' 

(annual  equivalent  value) 

Adverse  effects 

Investment 

0M&R 

Externa  1 i  t  ies  k/ 

Total  adverse  effect 

(annual  equivalent  value) 

Net  beneficial  effects 

]_/  Amortized  construction  cost  x  30V  +  0M&R 

2/  Irrigation  benefit  x  2.0 

_3_/  Sponsors  share  of  amortized  costs  less  land  rights 

h/  Land  rights  amortized  ©  6  1/8%  for  100  years 


$33,200 

5,900 

10,800 

V 

-0- 
-0- 
-0- 

$35,800 
-0- 

-0- 

$^9,900 

$35,800 

193,000 

-$35,800 

it 
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Sociai    V/el  ]  -Be.  re   Ac-.ount 

A.  Income 

1„   Net  income  on  22  ranches  would  be  increased  about  $55,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production, 

3.  Community  income  would  be  increased  an  average  of  nearly  $200,000 
annually  because  of  increased  employment  and  business  generated 
by  project  installation  and  project  output. 

k„      Community  income  would  be  stabilized  by  more  dependable  agricultural 
product  ion. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide  an 
average  annual  of  2  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  8  seasonal  on~farm  jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional 
3  full  time  jobs  in  the  agribusiness  industry  of  the  region. 

h.      Producing  the  increased  agricultural  output  of  the  project  will 
more  efficiently  utilize  the  presently  underemployed  labor  re- 
sources committed  to  ranches  in  the  project  area. 

C.  Life,  Health,  and  Safety 

1.  Increased  income  would  allow  beneficiaries  to  more  actively 
participate  in  social,  cultural,  recreational  and  community  activities 
of  the  region. 

2.  Increased  agricultural  production  during  the  last  half  of  the 
growing  season  would  reduce  fire  hazards  because  of  the  larger 
amount  of  lush  vegetation. 

3.  Increased  irrigation  water  supply  would  serve  as  a  fire  fighting 
source  of  water. 


a  S3 8' 


N 


Environmental  Account 

A.  Irrigation  water  storage  would  provide  a  pond  of  about  150  surface 
acres  each  spring  for  waterfowl  habitat. 

B.  Late  season  irrigation  water  use  would  increase  the  amount  and  duration 
of  green  forage  use  by  wildlife  on  2,110  acres. 

C.  Improved  irrigation  water  supply  and  irrigation  water  management  would 
reduce  erosion  on  irrigated  cropland. 

D.  Development  of  irrigation  water  would  commit  about  200  acres  of  range 
to  a  water  storage  use. 

E.  Erosion  during  construction  and  revegetation  would  be  increased  on  about 
200  acres. 

F.  A  two-mile  long  canal  could  limit  movement  of  some  wildlife. 
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HIDDEN  VALLEY 

SUMMARY 

A  irrigation  water  regulating  reservoir  constructed  alongside  the  Pilot 
Canal  above  Hidden  Valley  will  regulate  flow  to  permit  delivery  of  adequate 
water  during  periods  of  high  water  demand.   A  reservoir  of  200  acre-foot 
capacity  can  be  filled  a  minimum  of  two  times  each  season  during  periods  of 
excess  flow  in  the  canal. 

The  2,362  irrigated  acres  in  Hidden  Valley  will  have  a  full  season  supply. 
Increased  water  depletion  will  be  about  300  acre-feet  per  year. 

The  estimated  average  annual  cost  of  structural  measures  is  $21,900; 
estimated  average  annual  primary  benefits  from  irrigation  are   $104,400. 

LOCATION  AND  DESCRIPTION 

Hidden  Valley  Watershed  is  located  in  Fremont  County  in  central  Wyoming. 
It  measures  about  5  miles  long  by  2'-^  miles  wide  and  contains  7»085  acres. 
Riverton,  population  about  6,000,  is  located  about  1 4  miles  from  the 
watershed.   There  are  no  towns  located  within  the  watershed. 

Land  ownership  distribution  is  as  follows:   Private,  58  percent;  Wind 
River  Indian  Reservation,  25  percent;  and  U.  S.  Bureau  of  Reclamation, 
17  percent. 

Ten  operators  farm  about  2,362  irrigated  acres  which  are    served  by  the 
Pilot  Canal.   Water  for  the  canal  is  diverted  from  the  Wind  River  through 
Pilot  Butte  Reservoir  and  into  the  canal.   Pilot  Canal  serves  36,000  acres 
including  Hidden  Valley.   The  canal  system  is  approximately  kO   miles  long, 
and  Hidden  Valley  is  located  at  the  end  of  the  system. 

The  major  economic  activity  within  the  watershed  is  production  of  livestock 
feed.   With  a  frost-free  season  of  about  1 30  days,  hay,  grain,  silage,  and 
corn  for  livestock  feed  are  the  principal  crops. 

PROBLEMS  AND  NEEDS 

The  major  water  and  related  land  resource  problem  in  Hidden  Valley  is 
i  nsuffi  ci  ent.  water  during  the  irrigation  season.   Two  periods  of  water 
shortage  have  been  identified.   The  first  shortage  usually  occurs  between 
May  15  and  June  15  when  the  soil  profile  is  first  being  filled.   At  this 
time  demand  is  greater  than  delivery.   This  shortage  is  on  the  order  of  10 
cfs  for  10  days  or  200  acre-feet  over  the  shortage  period.   The  second 
shortage  occurs  during  the  peak  consumptive  use  period,  July  4  through  July 
31.   The  magnitude  of  the  second  shortage  is  about  the  same  as  the  first 
over  about  the  same  length  of  time.   These  two  shortages  occur  on  most  of 
the  2,362  acres  for  two  ten-day  periods  during  the  irrigation  year. 

In  addition  to  the  ten  operating  units  in  Hidden  Valley  suffering  a  water 
shortage,  37  operating  units  with  a  total  of  6,58l  acres  located  outside 
the  watershed  and  up-canal  from  Hidden  Valley  also  suffer  a  water  shortage 
during  the  above-mentioned  periods. 

»•  »  » 
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The  length  of  the  canal  and  the  resulting  time  lag  in  water  delivery;  the 
position  of  Hidden  Valley  near  the  end  of  the  canal;  and  the  sandy  nature 
of  the  soil,  which  has  a  low  water  holding  capacity  and  requires  frequent 
irrigation,  all  contribute  to  the  water  supply  problem  during  periods  of 
peak  use. 

Operational  spill  volumes  are  high  because  excess  water  is  carried  in 
anticipation  of  sudden  demands.  A  major  spillway  is  located  at  Sand  Gulch. 
Annual  operation  spill  is  approximately  20  percent  of  the  water  diverted 
at  Pilot  Butte  Diversion. 

PROPOSED  PROJECT 

The  water  shortage  problem  in  Hidden  Valley  can  be  solved  with  a  regulating 
reservoir  near  Pilot  Canal  at  Hidden  Valley. 

The  reservoir  will  be  located  in  a  draw  south  of  where  the  Pilot  Canal  drops 
into  H  idden  Va 1  ley . 

Instead  of  wasting  water  at  Sand  Gulch  during  perods  of  low  demand,  this 
excess  water  can  be  stored  in  the  proposed  regulating  reservoir  for  supple- 
mentary release  during  periods  of  high  demand.   Preliminary  investigations 
show  that  the  proposed  site  has  adequate  capacity  to  give  a  full  supply  to 
the  2,362  acres  of  irrigated  land  in  Hidden  Valley.   In  addition  to  irriga- 
tion water,  the  proposed  structure  would  also  include  flood  protection  to 
Hidden  Valley  from  390  acres  of  presently  uncontrolled  watershed  area. 


The  structural  works  consist  of  one  irrigation  water  regulating  reservoir 
near  the  quarter  corner  common  to  section  12,  T.2N.,  R.5E.,  and  section  7, 
T.2N.,  R.6E,  ,  with  a  supply  line  from  Pilot  Canal  and  a  pipe  structure  from 
the  reservoir  outlet  to  ":he  Pilot  Canal. 

The  55  foot  high  dam  will  form  a  reservoir  with  a  storage  capacity  of  200 
acre-feet  for  irrigation  and  30  acre-feet  for  sediment,  with  floodwater 
detention  capacity  of  70  acre-feet. 

The  reservoir  will  be  filled  from  the  Pilot  Canal  by  a  non-erosive  structure 
with  a  flow  capacity  of  60  cfs. 

Outflow  from  the  reservoir  will  be  directed  from  the  natural  draw  below  the 
dam  into  the  Pilot  Canal  through  a  pipe  structure.   Outflow  capacity  will 
be  60  cfs, 

Structure  data  is  shown  on  the  following  page. 
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Structural  Data-Dam 

Drainage  Area,.  Uncontrol 1 ed,  (Acres)  390 

Storage  Volume  (Acre-feet) 

Sediment  30 

Irrigation  200 

TOTAL  2  30 

Surface  Area  (Acres) 

Sediment  Pool  h 

Irrigation  Pool  18' 

Flood  Pool  22 

At  top  of  Dam  28 

Elevation  (Feet,  msl ) 

Channel  Bottom  *+,870 

Pool  Bottom  ^+,877 

Sediment  Pool  ^,897 

Irrigation  Pool  *+,9l6 

Flood  Pool  U,920 

Dam  Top  U,925 

The  estimated  contract  cost  of  structural  measures  is: 

1.  Dam  $183,500 

2.  Division  box  and  reservoir  supply  structure    30,200 

3.  Division  structure  and  pipe  ^2, 300 
TOTAL  $256,000 

Estimated  annual  operation  and  maintenance  cost  of  structural  measures  is: 

1 .  Dam  $660 

2.  Division  box  and  reservoir  supply  structure    110 

3.  Division  structure  and  pipe  1 50 
TOTAL  $920 

The  estimated  installation  cost  of  structural  measures  is  shown  below: 


I  tern 

Estimated  Total  Cost 
(Dollars)  V 

Construct  ion- 

(Dam  and  associated  structures) 

256,000 

Engineering  Services 

8,000 

Land,  Easements  and  R/w 

U,000 

Project  Administration- 

(Including  construction  inspection) 

57,000 

TOTAL  STRUCTURAL  MEASURES 

325,000 

\J     Price  Base:  1975 
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Annual  cost  of  structural  measures  is  shown  belows 

(Dollars)  )J 


Eval uation 
Unit 


Amortization  of   „/ 
Xnstal la t i on  Cost  -^ 


Dam  and  as- 
soci  ated 

Project  Ad- 
mi  ni  strati  on 


Operation  and 
Maintenance  Cost 


17,300 


Total 


920 


13,220 


3.680 


j 


3,680 


0TAL 


20,980 


920 


21,900 


J/  Price  Bases  1975 
2/  50  years  (?)  6  i/8% 


Present  irrigation  systems  are  combinations  of  contour  ditch,  furrow, 
corrugation  and  border  dikes.   Efficiency  would  be  improved  with  sprinkler 
application  but  the  project  is  analyzed  as  gravity  systems. 

On  farm  practices  are   needed  for  improved  water  management.   Needed  practices 
include  ditch  lining,  leveling,  pasture  and  hayland  seeding  and  crop  residue 
management. 

Soi  1  s 

The  predominant  soils  that  are   to  be  irrigated  with  the  project  arei 

1.  Ethete  loams   a  very  deep  loam  soil  underlain  by  sand  and  gravel  at 
20  to  kO    inches. 

2.  Ethete  loam,  saline;   a  very  deep  somewhat  poorly  drained  moderately 
saline  soil  underlain  by  sand  and  gravel  at  20  to  ^0  inches. 

The  Ethete  series  are   moderately  permeable  (intake  family  1.0)  soils  with 
moderate  avai  lable  water  holding  capacities  (6  to  9  inches).   Effective 
rooting  depth  is  60  inches  or  more. 

3.  Apron  sandy  loams  -a  deep,  well  drained  soil  with  moderately  rapid 
permeability  (intake  family  1.5).   Texture  is  sandy  loam  to  a  depth  of 
60  inches  or  more,   Available  water  holding  capacity  is  6  to  9  inch 
Effective  rooting  depth  is  60  inches  or  more. 


es, 


Lostwel 1 s  sandy  clay  loams   a  very  deep  sandy  clay  loam  with  a  rooting 
depth  of  60  inches  or  more.   Available  water  holding  capacity  is  about 
6  to  9  inches  for  the  5  foot  moisture  extraction  depth.   Permeability 
is  moderately  rapid  (intake  family  1.5). 
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5.   Tipperary  loamy  sand:   a  very  deep  loamy  sand  of  60  inches  or  more 

depth.   Available  water  holding  capacity  is  about  3  to  6  inches  in  the 
5  foot  root  zone.   Permeability  is  rapid  (intake  family  3.0). 

Hydrology 

The  water  supply  for  the  project  is  the  Wind  River.   Conveyance  is  through 
the  canals  arvd  regulating  system  of  the  Riverton  Reclamation  Project.   There 
is  an  adequate  amount  of  water  carried  in  the  major  canals  to  meet  the  needs 
of  the  Hidden  Valley  Project  and  spills  from  the  major  canals  exceed  the 
supplemental  requirements  of  the  small  project. 

The  average  annual  volume  of  water  stored  in  the  proposed  reservoir  will 
be  400  acre-feet.   The  estimated  increase  in  water  depletion  with  project 
is  about  300  acre-feet  per  year. 

The  water  is  of  suitable  quality  for  irrigation. 

Economics 

The  estimated  average  annual  primary  benefits  are  $44.20  per  acre  for  the 
entire  2,362  acres  in  the  benefited  area.   The  estimated  cost  of  structural 
measures  is  about  $9.27  per  irrigated  acre. 

The  comparison  of  benefits  and  costs  for  structural  measures  is  tabulated 
below: 


Evaluat  ion 
Unit 

AVERAGE  ANNUAL  BENEFITS  1/ 

Avg. 
Annual 
Cost  2/ 

Benef  i  t 

Cost 

Ratio 

1 rr iqat  ion 

Secondary 

Total 

Reservoir  & 
associ  ated 
structures 

1  0^+  ,400 

9,800 

114, 200 

18,220 

6.3:1 

Project 

Admin  i  st rat  ion 

3.680 

TOTAL 

104,400 

9,800 

114,200 

21  ,900 

5.2:1 

]_/      Current  Normalized 
2/   Price  Base:   1975 
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UlbPLAY    Ul-    MIXUUM1S 

National  Economic  Development  Account 

Beneficial  effects 

I rrigat ion 
External  1 1  ies 

Total  beneficial  effects 

(annual  equivalent  value) 

Adverse  effects 

Instal lat  ion  cost 
Annual  OM&R 

Total  annual  cost 

Net  beneficial  effects 

Reg  ion a  1  Development  Account 
Beneficial  effects 

User  benefits 

1 rr i  gat  ion 

Regional  benefits 

Employment  impact  \J 
Induced  and  stemming  from  2/ 
External i  t i es 

Total  beneficial  effects 

(annual  equivalent  value) 

Adverse  effects 

I  nvestment 

OM&R 

External i  t  ies  4/ 

IdtaiS  ^adverse  effects 

(annual  equivalent  value) 

Net  beneficial  effects 


$104,400 
9,800 

$114,200 


$20,980 
920 


$21  ,900 
$92,300 

Region 


$104,400 


6,100 

208,800 

9,800 


$329,100 


Adjacent 
Req  ion 


-0- 


0- 
■0- 


Rest  of 
Nation 


■0- 
■0- 
•0- 


■0- 


$8,500 
920 
260 

V 

-o- 

-0- 

$12,220 
-0- 
-0- 

$9,680 

-o- 

$12,220 

$319,420 

-$12,220 

1_/  Amortized  construction  cost  x  .  30  +  OM&R 

2/  Irrigation  benefits  x  2.0 

}l  Sponsors  share  of  amortized  cost  less  land  rights 

4/  Land  rights  amortized  &   6  1/8%  for  50  years 
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Social  Well-Being  Account 

A.  Income 

1.  Net  income  on  10  ranches  would  be  increased  about  $10^,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production^ 

3.  Community  income  would  be  increased  an  average  of  nearly  $315,000 
annually  because  of  increased  employment  and  business  generated 
by  project  installation  and  project  output. 

k.      Community  income  would  be  stabilized  by  more  dependable  agricul- 
tural production. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide  an 
average  annual  of  1  part  time  job. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  9  seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional 
5  full  time  jobs  in  the  agribusiness  industry  of  the  region. 

k.      Producing  the  increased  agricultural  output  of  the  project  will 

more  efficiently  utilize  the  presently  underemployed  labor  resources 
committed  to  ranches  in  the  project  area. 

C.  Life,    Health,    and   Safety 

1.   Increased  income  would  allow  beneficiaries  to  more  actively  partic- 
ipate in  social,  cultural,  recreational  and  community  activities 
of  the  region. 

Environmental  Quality  Account 

A.  Irrigation  water  storage  would  provide  habitat  for  waterfowl  with  an 
additional  water  surface  which  will  vary  from  k   acres  to  18  acres. 

B.  Improved  irrigation  water  supply  and  irrigation  water  management  would 
reduce  erosion  on  irrigated  cropland. 

C.  Development  of  irrigation  water  would  commit  20  acres  of  rangeland  to 
a  water  storage  use. 

D.  Erosion  during  construction  and  revegetation  would  be  increased  on  about 
20  acres . 
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SUMMARY 

lakeview  Canal  in  Park  County,  V/yonring  serves  nearly  9,000  acres  of 
irrigated  land  with  diversions  from  the  South  Fork  Shoshone  River. 
Agricultural  production  is  forage  to  support  the  livestock  opera- 
tions in  the  area,   Canal  rehabilitation  and  improvement  is  needed 
to  assure  dependable  water  delivery  and  to  improve  late  season 
water  supply  at  the  field. 

Timely  replacement  of  needed  structures  and  canal  stabilization 
will  provide  for  continued  irrigation.  A  program  of  water  management, 
improved  on-farm  systems  and  project  structural  works  can  improve 
water  supply  at  the  field  and  increase  agricultural  production. 

Proposed  structural  work  includes  ditch  stabi 1 i zationj  lining", 
structures  for  grade  control,  stream  crossings  and  water  control? 
and  structures  for  delivery  and  water  measurement.  The  estimated 
installation  cost  of  proposed  project  structural  works  is  about 
1.3  million  dollars.  The  benefitscost  ratio  is  about  1.0  to  1.0. 


LOCATION  AND  DESCRIPTION 

The  Lakeview  Canal  serves  nearly  9,000  acres  of  irrigated  land  in 
Park  County,  Wyoming.   The  canal  begins  at  a  diversion  from  the  South 
Fork  Shoshone  River  about  15  miles  upstream  from  Buffalo  Bill 
Reservoir  and  extends  northeast  for  a  distance  of  about  22  miles. 
Four  major  laterals  with  a  total  length  of  about  7  miles  arc  a  part 
of  the  project  distribution  system. 

The  canal,  which  has  been  in  use  since  about  1900,  is  operated  by 
the  Lakeview  Irrigation  District.   About  80  operators  farm  the 
irrigated  land  served  by  the  canal.   Nearly  20,000  acres  are  irrigated 
from  the  South  Fork  of  the  Shoshone  River.  About  9,000  of  these 
irrigated  acres  are  served  by  the  Cody  Canal.   Irrigation  is  dependent 
upon  the  natural  flow  of  the  river.   No  stored  water  is  available 
for  the  irrigated  area.   A  late  season  water  shortage  does  occur. 
The  water  rights  for  Lakeview  Canal  are  junior  to  the  diversion 
rights  for  most  of  the  land  that  is  irrigated  from  the  South  Fork. 

The  irrigated  land  is  at  an  elevation  of  about  5,500  feet  above  mean 
sea  level.  Crop  production  is  limited  to  grass,  alfalfa,  and  a  small 
acreage  of  small  grain.  The  net  irrigation  requirement  for  the  crops 
grown  is  about  18  inches  per  year. 


PR03LEMS 

One  of  the  water  related  problems  is  a  late  season  water  shortage. 
Natural  streamflow  decreases  in  late  summer  and  diversion  from  the 


river  is  often  controlled  in  August  to  supply  the  earlier  water 
rights.   Seepage  losses  in  the  distribution  system  contribute  to 
the  water  shortage. 

Another  problem  is  the  hazard  of  structural  failure  in  the  canal 
system  and  the  resulting  delays  in  water  delivery.   A  number  of 
structures  are  in' need  of  replacement  and  some  sections  of  the 
upper  canal  are  unstable. 

A  maintenance  problem  exists  at  the  diversion  from  the  river. 
Because  of  the  movement  of  the  cobble  bed  load  in  the  natural 
channel  continual  work  is  required  in  the  river  to  protect  the 
headgates  during  periods  of  high  runoff  and  to  assure  proper  oper- 
ation of  the  diversion  during  periods  of  low  flow. 

On-farm  problems  include  soil  problems  on  part  of  the  irrigated  land. 
Soils  underlain  by  cobble  require  good  water  management  to  prevent 
excessive  deep  percolation.   Other  soils,  particularly  in  the  lower 
end  of  the  project,  are  fine  textured  saline  soils  with  drainage 
probl ems. 


POSSIBLE  SOLUTIONS 

The  impact  of  a  water  shortage  in  South  Fork  can  be  reduced  by 
improved  water  managcmenl.   A  5-year  record  indicates  an  average 
annual  diversion  of  53,000  acre-feet,  the  equivalent  of  about  6  feet 
per  season.   Better  control  and  measurement  of  delivery,  scheduled 
deliveries,  and  a  schedule  of  charges  based  on  the  volume  of  water 
delivered  can  reduce  the  water  demand.   On-farm  systems  and  manage- 
ment can  further  reduce  the  diversion  requirement  and  extend  the 
period  of  adequate  supply.   A  number  of  sprinkler  systems,  which 
should  improve  on-farm  efficiency,  are   now  being  installed. 

Lining  of  selected  reaches  of  canal  and  lateral  would  reduce  losses 
to  seepage  and  make  more  of  the  diverted  water  available  to  the  field. 
Those  reaches  of  the  canal  in  which  lining  can  be  justified  are  not 
easily  identified  and  can  be  determined  only  by  measurement  of  losses. 
Measurement  of  water  inflow  and  outflow  has  been  started  on  one  reach 
of  the  canal.   Flows  were  recorded  for  one  irrigation  season  only  and 
are  not  yet  summarized.   More  measurements  will  be  needed  to  identify 
the  reaches  of  land  that  are   most  in  need  of  lining.   Some  sections 
of  the  canal  that  are  built  on  hillsides  show  excessive  seepage  that 
should  be  controlled.   The  Irrigation  District  has  purchased  about 
one-half  mile  length  of  clay  tile  to  be  used  to  replace  open  earth 
1 ateral s. 

Favorable  reservoir  sites  for  storing  spring  flood  flows  are  not 
available.   Past  investigations  for  storage  included  locations  at 
Sulphur  Creek,  Diamond  Basin,  Rock  Creek,  and  other  small  creeks. 
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Plans  to  use  water  stored  in  Buffalo  Bill  Reservo.ir  to  irrigate 
land  now  served  by  the  Cody  Canal  have  been  proposed  and  are  still 
being  considered..  The  use  of  stored  water  in  the  Cody  Canal  area 
in  place  of  direct  flows  from  the  South  Fork  could  make  available 
to  the  Lakeview  Irrigation  District  additional  water  from  the 
natural  flows  of  South  Fork. 

The  hazard  of  structural  failure  can  be  reduced  by  a  program  to 
replace  a  number  of  larger  structures  before  emergency  replacement 
becomes  necessary.   Some  of  the  unstable  reaches  of  the  canal  may 
be  stabilized  by  a  combination  of  lining  and  drainage.   One  canal 
siphons,  across  S'leep  Creek,  is  already  planned  for  early  installation, 

Installation  of  a  large  and  costly  permanent  diversion  structure  in 
the  river  may  not  be  justified.  The  present  practice  of  repeatedly 
reshaping  the  streambed  may  be  the  least  costly  approach  to  the 
diversion  oroblem. 


PROPOSED  PROJECT 

A  project  development  should  include  a  complete  rehabilitation  of 

the  project  system  with  on-farm  system  improvement  and  water  management. 

A  project  plan  can  be  developed  to  improve  the  water  supply  and 
extend  the  irrigation  season  for  the  nearly  9,000  acres  of  irrigated 
land  by  lining  selected  reaches  of  the  distribution  system  and 
providing  controls  and  metering  devices  at  the  farm  deliveries. 
The  project  plan  would  reduce  the  hazard  of  interrupted  water 
service  by  installing  structures  and  improving  unstable  sections 
of  the  canal . 

The  location  and  amount  of  lining  to  be  installed  and  the  reaches 
of  canal  that  can  be  stabilized  must  be  determined  based  on  infor- 
mation yet  to  be  obtained.  A  proposal  for  a  project  based  on  available 
information  includes  the  following  structural  works? 

1.  About  six  major  structures  including  two  siphons,  two  drop 
structures,  one  division  structure  and  one  spillway. 

2.  About  three  miles  of  canal  lining  and  three  miles  of  lateral 
1  ining. 

3.  Canal  stabilization. 

Li.      Delivery  structures. 

The  estimated  construction  cost  of  structural  measures  to  improve 
water  supoly  at  the  field  is  $560,000.   The  estimated  construction 
cost  of  structural  measures  to  reduce  the  hazard  of  interrupted  water 


(  ,  r  )  u 


service  during  the  irrigation  season  is  $400,000.   The  estimated 
installation  cost  of  project  structural  measures  is  $1,248,000. 

Earlier  investigations  indicated  a  need  to  stabilize  the  wasteway 
at  the  end  of  the  canal.   If  stabilization  is  still  needed,  a 
construction  cost  of  about  $60,000  may  need  to  be  added  to  the 
costs  used  in  the  economic  evaluation. 

Economic  Effects 

Benefits  from  replacement  of  six  structures  fall  into  two  categories 
with  the  following  average  annual  values: 

1.  Prevention  of  delays  in  irrigation  water  delivery  and 
resultant  losses  in  production  ($4,430). 

2.  Savings  in  installation  cost  of  six  structures  that  would 
have  to  be  replaced  over  the  next  eight  years  in  the 
absence  of  a  project  ($25,930). 

Benefits  from  system  improvement  through  canal  and  lateral  lining, 
installation  of  delivery  structures,  and  improved  management  are 
estimated  below: 

1.  Increased  agricultural  production  will  increase  net  incomes 

by  about  $66,530  annually. 

2.  Savings  in  operation  and  maintenance  costs  that  would  be 
incurred  without  a  project  ($18,000  annually). 

Average  annual  installation  cost  of  project  measures  is  estimated 
to  be  $80,570.   Annual  operation  and  maintenance  costs  are   $28,000. 

Average  annual  benefits  and  costs  are    shown  below—': 

Benef i  ts 

Irrigation  $1 1 4,890 

Costs 

Installation         $80,570 
Annual  0&M  28,000 

Total  project  costs  108,570 

Benefit:Cost  Ratio  =  1.06:1.0 


]_/      Average  annual  benefits  and  costs  were  determined  using  an 
interest  rate  of  6-1/8'/,  and  evaluation  period  of  50  years 
(estimated  project  life). 


259 


DISPLAY  OF  ACCOUNTS 

National^ Economijc^Deyel opment  Account 

Beneficial  effects 

Irrigation  $ni>,890 

Total  beneficial  effects         11U,890 
(annual  equivalent  value) 

Adverse  effects 

Installation  cost  $  80,570 

Annual  OM&R  28,000 

Total  adverse  effects 

(annual  equivalent  value)   $108,570 

Net  beneficial  effect  $  6,320 


Regional  Development  Account 
Beneficial  effects 


Region  Rest  of  Nation 


User  benefits 

Irrigation  $11^,890 

Regional  benefits      ,  / 

Employment  impact  -'  _/$  ^6,590 

Induced  and  stemming  from  — '    1 h\  ,920 

Total  beneficial  effects        $303,^00 
(annual  equivalent  value) 

Adverse  effects 

Investment  $  32,230  -•* 

Annual  0M&"R  28,000 

Total  adverse  effects  $  60,230 

(annual  equivalent  value) 

Net  beneficial  effect  $2^3,170 


\J     Amortized  construction  cost  X  .  3  +  0&M 

2/   Primary  benefit  from  increased  agricultural  production  X2 

3/  Sponsors'  share  of  amortized  cost 


$ 

^8,3^0 
0 

$ 

1*8,3^0 

s 

-^8,3^0 
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Social  Well-Beinq  Account 

A.  Income 

1.  Net  ranch  income  would  be  increased  about  $55,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and 
more  reliable  crop  production. 

3.  Community  income  would  be  increased  an  average  of  nearly 
$250,000  annually  because  of  increased  employment  and 
business  generated  by  project  installation  and  project 
output . 

k.      Community  income  would  be  stabilized  by  more  dependable 
agricultural  production. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide 
an  average  annual  of  three  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create 
about  an  additional  nine  seasonal  on-farm  jobs. 

3.  Decreased  agricultural  output  will  generate  about  an 
additional  three  full  time  jobs  in  the  agribusiness  industry 
of  the  region. 

U.   Producing  the  increased  agricultural  output  of  the  project 
will  more  efficiently  utilize  the  presently  underemployed 
labor  resources  committed  to  ranches  in  the  project  area. 

C.  Life,  health,  and  safety 

1.  Increased  income  would  allow  beneficiaries  to  more  actively 
participate  in  social,  cultural,  recreational  and  community 
activities  of  the  region. 


Environmental  Quality  Account 

A.  About  three  miles  of  canal  and  three  miles  of  lateral  presently 
in  a  partially  vegetated  condi tion  wi 1 1  be  lined  with  concrete; 
short  sections  of  open  lateral  will  be  replaced  with  underground 
condui  t . 

B.  Return  flow  from  canal  seepage  will  be  decreased. 
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SUMMARY 


Lateral  H-103  is  part  of  the  Heart  Mountain  Canal  system  in  the  Shoshone 
Irrigation  Project,,   The  lateral  system  and  the  1,^00  acres  served  by  the 
lateral  were  studied  as  a  potential  Resource  Conservation  and  Development 
Measure  in  1975  -  1976.   The  RC&D  'leasure  Field  termination  Report,  which 
formed  the  basis  for  this  reconnaissance  report,  indicated  that  a  feasible 
project  can  be  developed  to  reduce  the  hazard  of  distribution  system  failures 
reduce  water  losses  from  distribution  systems,  reduce  0&M  costs,  improve 
on-farm  irrigation  efficiency  and  reduce  erosion  en  cropland. 

The  two  alternative  proposals  identified  ares 

1.  Rehabilitating  and  improving  the  open  channel  delivery  system. 

2.  Replacing  the  open  channel  system  with  pipe  lines  to  permit  use 

of  sprinkler  irrigation  with  gravity  pressure  on  about  1,000  acres 
of  the  irrigated  land. 

The  second  alternative  will  provide  optimum  solutions  to  the  irrigation 
water  problems  of  the  area  and  appears  to  be  the  better  alternative  for 
water  saving- 

The  second  proposal,  as  described  in  the  PROJECT  PROPOSAL  section,  was 
evaluated  using  an  interest  rate  of  6  ,/8  percent.   Effects  of  installing 
the  second  proposal  are   displayed  in  the  four  accounts  beginning  on  page  **. 

No  major  change  in  water  depletion  on  project  is  expected  to  result  from 
installation  of  the  proposed  measure.   The  water  saved  by  improved  water 
efficiency  is  to  be  used  for  irrigating  additional  acres  as  stated  in  the 
sponsors  objectives. 


LOCATION  AND  DESCRIPTION 

Lateral  H-103  is  a  main  lateral  of  the  Heart  Mountain  Canal  which  is  the 
supply  canal  for  the  Heart  Mountain  Division  of  the  U.S.  Bureau  of  Recla- 
mation Shoshone  Project.   The  lateral  is  about  20  miles  northeast  of  Buffalo 
Bill  Reservoir  which  stores  irrigation  water  for  the  project.   The  lateral 
serves  an  irrigated  area  about  ]k   miles  southwest  of  Powell  in  Park  County, 
Wyoming.   The  measure  area  is  about  1  mile  wide  and  extends  from  the  Heart 
Mountain  Canal  eastward  a  distance  of  about  5  miles  to  the  Shoshone  River. 
About  1,^00  acres  of  irrigated  land  and  800  acres  of  rangeland  are   included 
in  the  measure  area. 


The  Heart  Mountain  Division  is  managed  by  the  Heart  Mountain  Irrigation 
District.   About  15  operators  farm  the  irrigated  land  in  the  measure  area. 

The  measure  area  is  at  an  elevation  of  about  ^,800  feet  above  mean  sea  level. 
Average  annual  precipitation  in  the  area  is  about  7  inches.   Sugar  beets, 
small  grain,  corn  and  alfalfa  are  among  the  principal  crops  on  irrigated  land. 
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PROBLEMS 

The  primary  irrigation  water  problems  in  the  area  are  the  hazard  of 
structure  failure  within  the  lateral  system  which  may  result  in  delays 
in  water  delivery;  limited  rates  of  flow  available  for  irrigated  land 
because  of  lateral  losses  and  limited  safe  structure  capacity;  impaired 
drainage  and  reduced  agricultural  production  resulting  from  lateral 
seepage;  and  high  operation  and  maintenance  costs  because  of  structure 
deterioration  and  lateral  losses. 


PROJECT  PROPOSAL 
Ob  ject i  ves 

The  objectives  of  the  sponsors  are   to: 

1.  Reduce  hazards  of  distribution  system  failure. 

2.  Reduce  water  loss  and  thereby  increase  available  supply  of 

water  to  deliver  to  acres  suitable  for  development  for  irrigation. 

3.  Reduce  O&M  costs. 

k.      Improve  irrigation  efficiency  and  reduce  erosion  on  cropland. 

Al ternat i  ves 

The  RC&O  Measure  Field  Examination  Report  identified  two  alternative 
proposals  to  meet  objectives  of  the  sponsors. 

One  proposal  consists  of  rehabilitation  and  betterment  of  the  irrigation 
distribution  system  as  an  open  channel  flow  system  to  deliver  water  for 
continued  surface  irrigation.   Existing  chutes  and  drop  structures  would 
be  replaced  with  pipe  drops.   The  sections  between  drops  would  be  lined 
with  concrete.   The  rehabilitation  would  be  applied  to  a  length  of  about 
3.4  miles  of  lateral.   The  estimated  installation  cost  of  project  works 
is  $210,000. 

Evaluation  of  the  economic  feasibility  of  this  alternative,  using  an 
interest  rate  of  6  3/8  percent,  indicated  a  benefit:cost  ratio  of  1.2:1. 

Rehabilitation  of  the  conveyance  systems  for  continued  flood  irrigation 
would  be  accompanied  by  irrigation  land  leveling,  concrete  ditch  lining, 
gated  i rri gation -pipe,  and  subsurface  drainage  to  attain  the  objective  of 
increased  irrigation  efficiency  and  reduced  erosion  on  cropland. 

This  alternative  would  solve  many  of  the  problems  and  best  fit  the  present 
operation  and  methods  used  by  the  farm  operators.   This  plan  allows  a 
systematic  replacement  of  individual  structures,  permits  use  of  the  existing 
serviceable  structures  and  permits  emergency  replacement  of  unserviceable 
structures  with  structures  that  can  be  incorporated  in  the  rehabilitated 
system. 

A  second  alternative  proposal  consists  of  replacing  the  open  channel 
distribution  system  with  a  closed  pipe  delivery  system.   The  closed  pipe 
system  would  utilize  available  gradient  for  gravity  pressure  to  operate 
sprinkler  systems  on  about  1,000  of  the  1  ,400  acres  in  the  measure  area. 
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The  remaining  400  acres  were  evaluated  as  surface  irrigation  although 
pumps  could  be  used  to  supplement  pressure  for  more  sprinkler  irrigation. 
The  structural  work  would  include  a  main  pipeline  about  3  miles  long.   The 
estimated  i nstall ation  cost  for  the  second  proposal  is  $600,000. 

Evaluation  of  the  second  alternative,  using  an  interest  rate  of  6  3/8 
percent,  shows  a  benefitscost  ratio  of  about  IsKOIsl.O.   Economic  benefits  of 
water  savings  through  the  use  of  pipe  and  sprinklers  was  not  evaluated. 

Replacing  the  existing  conveyance  system  with  a  gravity  flow  pressurized 
pipeline  would  require  associated  cn-farm  sprinkler  irrigation  systems 
for  1,000  acres.  The  remaining  400  acres  of  irrigated  land  would  require 
leveling,  ditch  lining  or  pipes  and  drainage. 

This  second  alternative  will  provide  optimum  solutions  to  the  problems  of 
on~farm  water  use  efficiency,  erosion  and  farm  runoff  in  addition  to  water 
loss  due  to  seepage  and  evaporation,  and  potential  system  failure  due  to 
failure  of  chutes  and  drop  structures.   An  apparent  loss  involved  in  the 
second  alternative  is  that  those  on-farm  improvements,  such  as  leveling, 
ditching  and  ditch  lining,  that  have  already  been  installed  will  not  be 
needed  under  sprinkler  irrigation. 

Evaluation  of  Second  Alternative 

An  evaluation  of  the  second  alternative  using  an  interest  rate  of  6  1/8% 
produces  a  benefitscost  ratio  of  about  1.03sK0.  Again,  economic  benefits 
frcm  water  savings  were  not  evaluated. 

A  life  expectancy  of  50  years  was  assigned  to  structural  works?  costs  were 
amortized  for  a  period  of  50  years. 

The  effects  of  the  second  alternative  on  the  National  Economic  Development, 
Regional  Development,  Social  Well-Being,  and  Environmental  Quality  are  shown 
in  the  display  beginning  on  page  4. 
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DISPLAY  OF  ACCOUNTS 

National  Economic  Development  Account 

Beneficial  effects 

Irrigation  $62,310 

(annual  equivalent  value) 

Adverse  effects 

Installation  cost  $38,730 

Associated  costs  11,890 

Annual  OM&R  10,000 

Total  annual  cost  $60,620 

Net  beneficial  effect  $  1,690 

Adjacent     Rest  of 
Regional  Development  Account  Region        Region       Nation 

Beneficial  effects 

User  benefits 

Irrigation  $62,310 

Region  benef i  ts         , 

Employment  impact  — '  $19,700 

Total  beneficial  effects  $82,010 

(annual  equivalent  value) 

Adverse  effects 

Investment                            $28,030  ^                                  $22,270 
Annual  0M&R                            10,000  0 

Externalities  1/  320  0 

Total  adverse  effects  $38,350  $22,270 

(annual  equivalent  value) 

Net  beneficial  effect  $i+3,660  -$22,270 

)J     Amortized  construction  cost  x  .3  +  0M&R. 

2/  Sponsor's  share  of  amortized  costs  less  land  rights. 

_3_/  Land  rights  amortized  for  50  years  (?)  6  1/8%. 
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Social  l.'3l  1-Bejng_  Ac  count 
A»   Income 

1„  Met  Income  on  15  ranches  would  be  increased  about  $25 , 000  annually. 

2.  Ranch  income  would  be  stabilised  because  of  increased  and  more 
reliable  crop  production, 

3.  Community  income  would  be  increased  an  average  of  nearly  $4^,000 
annually  because  of  increased  employment  and  business  generated 
by  project  installation  and  project  output. 

k*      Community  income  would  be  stabilized  by  more  dependable  agricultural 
production . 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide  an 
average  annual  of  2  full-time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  6  seasonal  onfarm  jobs. 

3.  Producing  the  increased  agricultural  output  of  the  project  will  more 
efficiently  utilize  the  presently  underemployed  labor  resources 
committed  to  ranches  in  the  project  area. 

C.  Life,  health,  and  safety 

1.   Increased  income  would  allow  beneficiaries  to  participate  more 

actively  in  social,  cultural,  recreational,  and  community  activities 
of  the  region. 

Envi ronmental  Qual i ty  Account 

A.  Open  irrigation  ditches  and  canals  would  be  replaced  with  closed  pipelines 
and  sprinkler  systems.  Land  surface  currently  used  for  open  ditches  would 
be  cropped. 

B.  Seepage  from  can-als  to  adjacent  areas  will  be  eliminated. 
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FOREWORD 


This  reconnaissance  report  of  Lateral  R-9N  presents  the  entire  plan  of  the 

Lateral  R-9N  Farm  Irrigation  Resource  Conservation  and  Development  Measure. 

The  plan  was  prepared  for  the  Rig  Horn  Basin?  Wyoming,  RC&D  Project  by  the 

measure  sponsors  and  the  U.S.  Soil  Conservation  Service  and  is  dated  June  1975. 

The  measure  plan  is  current  as  to  proposed  works,  estimated  benefits  and 
estimated  costs  as  evaluated  using  an  interest  rate  of  5  7/8  percent.   An 
addendum  dated  April  1975  which  is  included  in  the  maasure  plan  displays  the 
effects  of  the  plan  on  National  ficoncmic  Development,  Regional  Development, 
Environmental  Quality,  aid  Social  Well-Being  when  using  the  5  7/8  percent 
discount  rate.  Also  displayed  in  the  addendum  is  a  discount  rate  comparison 
showing  the  average  annual  costs,  average  annual  benefits,  and  a  benefit scost 

io  when  evaluating  the  structural  measures  using  a  6  1/8  percent  discount 
rate. 

For  this  report  there  has  been  added  to  the  measure  plan  displays  of  the 
effects  of  the  plan  on  National  Economic  Development,  Regional  Development 
and  Social  Well -Being  when  evaluating  the  structural  rr  isures  using  a  discount 
rate  of  6  1/3  percent. 

"nstallation  of  the  structural  works  was  started  in  the  summer  of  1976  and  is 
cheduled  for  completion  in  1977=   The  project  was  not  under  construction  in 
January  of  197&  and  is  therefore  evaluated  for  the  Level  B  Study. 
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1ESCRXPTI0N  OF  THE  PI     IG  AREA 

A o  The  PI a n n j n g  Area 

The  Lateral  RSI!  measure  is  located  in  north  central  Park  County  about 
14  miles  west  of  Powell,  Wyoming.  The  measure  area  is  defined  as  the 
irrigation  service  area   of  Lateral  ri?iJ  in  the  Heart  Mountain  irrigation 
District.   The  measure  area  covers  about  2,900  acres  including  2,200 
acres  of  intensively  farmed  irrigated  cropland  and  about  700  acres  in 
other  uses  such  as  roads,  irrigation  canals,  and  farmsteads-   The  crop- 
ping pattern  en  the  irrigated  crcplcnd  is  approximately:: 

Sugar  3eets  40  percent 

Small  Grain  35  percent 

Corn  10  percent 

Al fal fa  5  percent 

Peas  (Canning)  5  percent 

ass  Seed  5  percent 

The  25?OOQ«=acre  Heart  Mountain  Division  is  part  of  the  U.  S.  Bureau  of 
Reclamation  Shoshone  Project .   The  Shoshone  Project  was  completed  in  about 
1920  and  the  Heart  Mountain  Division  was  turned  over  to  the  Heart  Mountain 
Irrigation  District  for  administration,  operation,  and  maintenance- 
Irrigation  water  for  the  district  is  stored  in  Buffalo  Bill  Reservoir  about 
25  miles  southwest  of  the  measure  area  and  is  conveyed  from  Buffalo  Bill 
Reservoir  through  the  Heart  Mountain  Canal,  Ralston  Lateral,  and 
Lateral  R9N  (Ralston  Lateral  number  9  north)  to  serve  irrigated  lands  in 
the  measure  area. 

Elevation  of  the  measure  area  is  about  4,900  feet  above  mean  sea  level. 
Topography  is  nearly  level  to  moderately  sloping..  Annual  precipitation 
is  6  to  8  inches  and  the  average  growing  season  U    is  about  129  days. 

There  are    16  landowners  in  the  measure  area.   Powell  (1970  population 
4,807)  is  the  primary  trade  center  for  residents  of  the  area.   Cody, 
16  miles  southwest  of  the  measure  area  (1970  population  5,161),  also  serves 
residents  of  the  area   as  a  trade  center  and  county  seat. 

The  measure  area  provides  a  limited  amount  of  habitat  for  upland  species. 
Crop  growth  and  aftermath,  field  boundaries,  fence  lines,  road  and  irriga- 
tion facility  rights  of  way,  and  farmstead  tree  wind  breaks  constitute 
the  cover  habitat,  'Wildlife  species  utilizing  the  habitat  include  waterfowl, 
sage  grouse,  cottontail  rabbits,  songbirds,  and  small  mammals.   Mule  deer 
forage  on  crop  aftermath  during  fall  and  winter  months.  U 

B .   TheProblems  and  Potentials 

Lateral  R9M  is  44,310  feet  in  length  and  can  be  divided  into  three  reaches. 
The  upper  reach  of  10,700  feet  is  an  earth  canal  on  stable  grade  in  soils 


U     Average  number  of  days  between  the  last  32  degree  fahrenheit  freeze  in 

he  spring  and  the  first  32  degree  freeze  in  the  fall.   See  Probabj  1  j _ti e^ 
A   Freeze       ninq,  University  of  Wyoming  Bulletin  381  (1961). 

2/  Correspondence  with  Wyoming  Game  and  Fish  Department. 


with  a  relatively  low  water  loss.  The  lower  segment  of  16,250  feet  has 

been  concrete  lined  within  the  past  5  years  and  is  in  good  condition.  The     ^ 

middle  reach  of  17,360  feet  in  length  presents  the  greatest  problem.   The 

canal  drops  150  feet  in  elevation  primarily  through  a  series  of  drop 

structures  in  this  reach  and  passes  through  some  permeable  soil  areas. 

The  resultant  major  water-related  problems  are  canal  erosion,  sediment 

deposition  in  the  canal,  and  high  water  loss. 

Canal  erosion  and  the  resulting  sedimentation  reduces  canal  capacity  which 
has  an  effect  on  water  delivery  to  the  irrigated  area.      This  necessitates 
frequent  canal  cleaning  and  maintenance  and  increases  ditch  rider  operation 
time.   Figures  3,  4,  and  5  show  conditions  that  exist  and  that  are  expected 
to  continue  in  the  future  without  the  project.  Maintenance  costs  in  the 
problem  section  of  the  canal  have  increased  to  an  average  of  $*+,900  annually, 
while  annual  operating  costs  have  increased  about  $1,750.^/   In  addition 
to  operation  and  maintenance  costs  resulting  from  erosion  and  sedimentation, 
reduced  canal  capacity  creates  a  hazard  of  canal  failure  and  subsequent 
damages  to  cropland  at  existing  drop  structures.   Canal  failure  would  also 
interrupt  water  deliveries  with  resultant  reduction  of  crop  yields. 

Water  loss  from  canal  seepage  in  the  total  reach  of  Lateral  R9N  is  estimated 
to  be  2,500  acre-feet  annually.   Of  that  amount,  approximately  l,*+80  acre- 
feet  is  lost  in  the  middle  reach.  Transmission  efficiency  through  the 
problem  section  of  the  canal  is  estimated  to  be  68  percent.   Seepage  loss 
in  the  middle  section  of  canal  also  causes  a  high  water  table  that  severely 
restricts  agricultural  production  on  33  acres.   This  area  does  not  meet 
the  criteria  outlined  for  wetlands  2/    and  does  not  provide  unique  wildlife     \ 
habitat.   Loss  of  water  in  the  middle  section  of  the  canal  also  reduces 
the  amount  of  water  available  ror  irrigation.   This  necessitates  the 
operation  of  two  pumps  to  supplement  flows  in  the  lower  reach  of  the  canal 
with  about  720  acre-feet  of  water  recovered  during  peak  irrigation  season 
in  an  irrigation  district  drain  ditch.   Operation  and  maintenance  of  the 
two  pumps  averages  about  $1,100  annually. 

There  is  potential  to  reduce  canal  erosion  and  seepage  in  Lateral  R9N  with 
alternative  structural  practices.   There  is  the  potential  for  restoring 
33  acres  to  intensively  farmed  irrigated  cropland.   There  is  also  potential 
to  reduce  the  total  irrigation  water  diversion  requirements  to  the  measure 
area  by  increasing  on-farm  irrigation  efficiencies  with  land  treatment 
practices.   On-farm  irrigation  efficiency  at  present  is  about  kS   percent. 
There  is  potential  to  increase  efficiency  to  55  percent  by  applying  needed 
conservation  practices.   These  practices  are  necessary  to  maintain  the 
present  irrigation  efficiency  on  some  lands  and  to  improve  efficiency  on 
others.   They  will  reduce  on-farm  water  losses  and  maintain  or  improve 
the  productive  capability  of  the  land  resource. 

C.   The  Soils  Information 

Most  soils  in  the  measure  area  are  well  drained.   However,  some  scattered 
wet  areas  are   located  below  the  canal.  With  the  exception  of  a  few  cobbly, 

37  Heart  Mountain  Irrigation  District  records,  Powell,  Wyoming. 

h/     Wetlands  of  the  United  States,  USFWS  Circular  39,  1956. 
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FIGURE  2 


Canal  erosion  and  bank  sloughing  below  a  drop 
structure  in  R9N  Lateral.  Anticipated  future 
without  measure  situation  is  continued  aggra- 
vation of  the  above  conditions. 
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FIGURE  3  -  Vertical  canal  banks  and  sparse  vegetation  in  the 

problem  section  of  R9N  Lateral.   Anticipated  future 
without  measure  situation  is  continued  aggravation 
of  the  above  conditions. 


FIGURE  *+  -  Sediment  deposition  and  weed  encroachment  area  in 
the  problem  section  of  R9N  Lateral.   Anticipated 
future  without  measure  situation  is  same  as  above 
cond  i  t i  ons . 
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FIGURE  5 


A  section  of  the  presently  lined  portion  of  R9N 
Lateral.  Future  with  measure  conditions  in  the 
problem  section  of  the  canal  are  anticipated  to 
be  very  similar  to  the  above  conditions. 
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INTRODUCTION 


The  addendum  for  the  Lateral  R9N  Farm  Irrigation  RC&D  Measure  Plan 
is  prepared  to  provide  information  based  on  the  Water  Resources 
Council's  Principles  and  Standards  for  Planning. 

The  Lateral  R9N  Farm  Irrigation  RC&D  Measure  Plan  is  developed  using 
current  (1975)  construction  costs  and  a  5  7/8  percent  discount  rate. 

The  impacts  of  the  selected  plan  are  displayed  under  separate 
accounts  for  National  Economic  Development,  Environmental  Quality, 
Regional  Development,  and  Social  Well-Being. 
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ADDENDUM  PART  1  -  DISCOUNT  RATE  COMPARISON 


I  his  shows  the  effect  of  evaluating  the  structural  measures  using 
a  6  1/8  percent  discount  rate. 


Average  annual  costs,  benefits,  and  the  benefitscost  ratio  are 
as  foi lows; 


1 o   Average  annual  costs  are°   .  $10,450 

2o   Average  annual  benefits  are*  „   $12,635 

3°   The  benefitscost  ratio  is  1.2sK0 
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SELECTED  ALTERNATIVE 
ENVIRONMENTAL  QUALITY  ACCOUNT 

LATERAL  R9N  FARM  IRRIGATION  RC&D  MEASURE  PLAN 


Components 
Beneficia"  and  adverse  effects: 
A,   Areas  of  natural  beauty. 


Measure  of  Effects 


Reduce  weed  growth  on  canal 
banks . 


Eliminate  spoil  banks  which 
result  from  maintenance. 

Replace  unvegetated  eroded 
canal  banks  with  shaped  and 
vegetated  banks. 


B,   Quality  considerations  of 

water,  land,  and  air  resources, 


1 „   Reduce  erosion  in  canal. 

2„   Increase  irrigation  water 
delivery  efficiency. 

3.  Lower  high  water  table  on 
33  acres  of  cropland  and 
enhance  productivity. 

4.  Reduce  water  loss  through  deep 
percol at  ion „ 

5.  Reduce  return  flows. 


C.   Biological  resources  and 
selected  ecosystems. 


Do   Geological,  Archeologi cal 
and  Hi  stor i  ca 1 „ 


Stabilize  marginal  wildlife 
habitat  along  canal  banks. 


1  „   None 


E.   Irreversible  and  irretrievable, 


None 
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SELECTED  ALTERNATIVE 
SOCIAL  WELL-BEING  ACCOUNT 

,ATERAL  R9N  FARM  IRRIGATION  RC&D  MEASURE  PLAN 


Components 
Beneficial  and  adverse  effectss 
A„   Real  income  distribution 


Measure  of  Effects 


Create  average  annual  regional 
income  benefit  distribution  of 
$52,635  by  income  class  as  follows: 


Income  class 
(dol lars) 


Less  than  3,000 
3,000  to  10,000 
More  than  10,000 


Percentage 

of 

Percentage 

adjusted  g 

"OSS 

benef i  ts 

i ncome  i n 

i  n 

class 

class 

f 

6 

56 

56 

38 

38 

2,   Local  average  annual  costs  to  be 
borne  by  region  are  $4,790  with 
distribution  by  income  class 
as  fol 1 ows: 


Income  class 
(dol 1 ars) 


Less  than  3,000 
3,000  to  10,000 
More  than  10,000 


Percentage 

of 

Percentage 

adjusted  g 

ross 

benef i  ts 

i  ncome  'i  n 

i  n 

class 

class 

6 

6 

56 

56 

38 

38 

B„   Li  fe,  Health,  and  Safety 


None 


St* 
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ADDENDUM  -  PART  3 

ABBREVIATED  ENVIRONMENTAL  QUALITY  ALTERNATIVE 
LATERAL  R9N  FARM  IRRIGATION  RC&D  MEASURE  PLAN 

An  abbreviated  environmental  quality  alternative  would  include  the  same 
structural  measures  as  the  selected  plan.   The  proposed  works  of  improvement 
will  reduce  erosion  in  the  canal  area  and  decrease  canal  seepage  which  in  turn 
will  reduce  return  flows  which  have  the  potential  to  degrade  water  quality  in 
Alkali  Creek  and  the  Shoshone  River  downstream  from  the  measure  plan  area. 
The  selected  plan  also  includes  the  sloping  and  seeding  of  all  eroded  canal 
banks  and  areas  disturbed  during  construction  of  the  closed  pipeline  and  lined 
canal  which  will  improve  the  cover  for  wildlife. 

Additional  features  proposed  for  the  environmental  quality  plan  over  and 
above  those  in  the  selected  plan  are   the  planting  of  drought  resistant  shrubs 
and  trees  adjacent  to  the  new  canal  and  pipeline  to  provide  additional  cover 
for  wildlife.   These  plantings  would  be  located  in  the  old  canal  or  in  areas 
that  would  not  disrupt  the  operation  of  the  new  canal. 

A  second  added  feature  of  the  environmental  quality  plan  would  be  the 
development  of  a  wildlife  area   on  the  33  acres  that  currently  has  a  drainage 
problem.   A  portion  in  the  center  of  this  area  could  be  diked  and  developed  as 
a  marsh  for  waterfowl  with  the  surrounding  area   planted  to  produce  cover  and 
forage  for  waterfowl  and  other  wildlife. 

Although  the  added  features  would  enhance  the  wildlife  environment  of 
the  measure  plan  area,    and  RC&D  funds  would  be  available  for  cost  sharing  for 
the  added  measures,  sponsorship  for  these  features  could  not  be  found  during 
the  development  of  the  measure  plan.   Therefore,  only  those  complementary 
features  which  resulted  in  both  increased  economic  return  and  enhancement  of 
the  quality  of  the  environment  were  included  in  the  selected  plan. 
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PI SPL AY_OF  ACCOUNTS 
Rational  Economic  Development  Account 
Beneficial  effects 

Irrigation  $1 1 ,985 


i 


Total  beneficial  effects 

(annual  equivalent  value)  $11,985 

Adverse  effects 

Project  installation  $  9,000 

Project  administration  950 

Annual  OMS-R  .  500 

Total  annual  cost 

Net  beneficial  effect 


December  1976 


Regional  Development  Account 

Beneficial  effects 

User  benefits 

Irrigation 

Regional  Benefits 

Induced  and  stemming  from 

Total  beneficial  effects 

(annual  equivalent  value) 

Adverse  effects 

Project  installation 
Project  administration 
Annual  OM&R 

Total  adverse  effects 
Net  beneficial  effects 


Region 

$11,985 

650 

$12,635 


Adjacent     Rest  of 
Region       Nation 


$ 

M50 

150 

500 

$ 

i+,900 

$ 

7,735 

$  ^, 750 
800 


$  5,550 
$-5,550 


December  1976 
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icial _We1 1 -Being  Account 

u   Income 

1.   Create  average  annual  regional  income  benefit  distribution  of 
$12,635  by  income  class  as  follows? 

Income  class        Percentage  of 
dollars)         adjusted  gross 


Percentage 
benefits  in 
cl  ass 

6 

56 
38 

Less  than  3,000  6 

3,000  to  10,000  56 

More  than  10,000  38 


2.   Local  average  annual  costs  to  be  borne  by  region  are   $^,900 
with  distribution  by  income  class  as  follows; 


Income  class 
(do! 1 ars) 

Percentage  of 
adjusted  gross 
income  in  class 

6 
56 
38 

Percentage 
benefits  in 

c^  ass 

Less  than  3,000 
3,000  to  10,000 
More  than  10,000 

6 

56 
38 

December  1976 


r)  (i 


stony,  or  shallow  areas,  the  soils  have  moderate  or  high  available  water 
capacity.   The  area  comprises  a  variety  of  soils  ranging  from  moderately 
permeable  sandy  loams  to  slowly  permeable  clays.   Depths  to  shale,  sand- 
stone, or  gravel  are  dominantly  more  than  20  inches.   Most  of  the  area  is 
nearly  level  to  gently  sloping  (0  to  6  percent  slopes.)   A  small  non- 
irrigated  area    in  the  eastern  part  has  slopes  up  to  60  percent.   Runoff  is 
slow  to  medium.   Water  erosion  hazard  is  slight  to  medium.   Wind  erosion 
hazard  is  moderate  for  the  soils  having  sandy  loam  surfaces.  See  Land  Capability 
Map. 

II.   MEASURE  SPONSORS'  OBJECTIVES 

The  sponsors'  primary  objectives  are    to  control  canal  erosion  and  sedimentation 
and  to  reduce  the  excessive  seepage  losses  from  the  canal.   This  improved 
delivery  system  will  reduce  operation  and  maintenance  costs,  allow  for  full 
agricultural  use  of  33  acres  presently  limited  in  productivity  by  a  high  water 
table,  and  provide  for  productive  irrigation  use  of, the  water  presently  lost 
to  seepage.   In  addition,  sponsors  want  to  make  more  efficient  use  of  the 
limited  water  resource  by  increasing  on-farm  irrigation  efficiencies. 

II.   ALTERNATIVES  CONSIDERED 

Alternatives  considered  to  meet  sponsors'  objectives  included  land  treatment 
and  alternative  structural  means  to  reduce  canal  erosion  and  seepage.  Land 
treatment  practices  were  included  in  all  alternatives  to  increase  irrigation 
•fficiencies  and  thereby  reduce  diversion  requirements  to  the  area  served  by 
Lateral  R9N.  Conservation  practices  included  are  those  required  to  meet  the 
needs  of  the  1  and. 

Structural  means  considered  to  reduce  canal  erosion  and  seepage  loss  were 
impervious  canal  lining,  replacing  the  open  canal  with  a  pipeline,  or  a 
combination  of  these  means.   Replacing  the  middle  section  of  open  earth  canal 
with  a  buried  pipeline  was  considered  and  found  more  costly  than  economically 
justifiable.   Different  materials  investigated  to  line  the  canal  included 
impervious  membranes  and  concrete.   Both  materials  would  be  equally  effective 
except  in  isolated  areas.   Slip  form  concrete  lining  is  the  most  practical 
and  the  least  costly. 

A  combination  of  slip  form  concrete  lining  with  buried  pipeline  in  isolated 
areas  unsuitable  for  canal  lining  was  selected  by  the  sponsors  as  the  most 
practical  and  leas-t  costly  means  to  meet  their  objectives. 

IV.   INSTALLATION 

A.   What  Wi 1 1  Be  Instal led 

A  combination  of  land  treatment,  canal  lining,  and  buried  pipeline  will 
be  installed.   Structural  measures  consist  of  about  1*4,^60  linear  feet  of 
si  ip-fornvpl  aced  cottcJ-ete  canal  lining  and  about  1,700  linear  feet  of       •J' 
buried  pipeline.   Structural  measures  will  be  installed  in  the  same  general 
location  as  the  existing  canal.   However,  the  buried  pipeline  will  reduce 
overall  canal  length  by  1,200  linear  feet.   The  disturbed  areas  will  b«  seeded 
to  adapted  plant  species.  OOO 
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The  concrete  canal  lining  will  have  a  2-foot  bottom  width  and  vary  in 
depth  from  1.5  feet  to  2.5  feet.   The  design  capacity  of  the  canal  will 
vary  from  30  cubic  feet  per  second  (cfs)  at  the  upper  end  to  18  cfs  at 
the  lower  reach.   The  21-inch  diameter  buried  pipeline  will  have  a 
design  flow  rate  of  21  cfs.   The  eroded  banks  below  the  existing  inclined 
drop  structures  will  be  sloped  and  graded  prior  to  seeding.   Erosion  and 
sediment  from  areas  disturbed  during  construction  will  be  controlled  by 
including  control  requirements  in  the  construction  contract.   The 
existing  drop  structures  will  remain  in  place. 

Conservation  plans  will  be  developed  or  revised  to  include  irrigation 
water  management  and  conservation  cropping  systems.   Typical  practices 
to  be  installed  are  land  leveling,  ditch  lining,  pipelines,  subsurface 
drainage,  gated  pipe  irrigation  systems,  and  sprinkler  irrigation  systems. 
The  Powel 1 -CI  arks  Fork  Conservation  District  will  provide  technical 
assistance  to  landowners  for  planning  and  installation  of  land  treatment 
measures. 

The  measure  will  be  installed  over  a  5-year  period.  Structural  measures 
will  be  installed  during  the  first  2  years,  and  land  treatment  practices 
will  be  installed  during  the  entire  installation  period.  Land  treatment 
practices  will  be  installed  by  the  individual  landowners,  and  structural 
works  will  be  installed  by  the  Heart  Mountain  Irrigation  District. 

B.   Instal 1  at  ion  Costs 

Total  measure  costs  are  estimated  to  be  $332,700,  including  $125,500 
for  installation  and  construction  of  structural  works  and  $207,200  for 
land  treatment  practices. 

Total  land  treatment  costs  of  $207,200  include  $185,000  for  installation 
of  necessary  practices,  and  $22,200  for  technical  assistance.   Funds 
for  land  treatment  will  be  furnished  from  sources  other  than  RC&D. 
Technical  assistance  will  be  provided  for  conservation  plan  revision, 
development  of  new  conservation  plans,  and  for  assistance  needed  in  the 
installation  of  the  proposed  land  treatment  practices. 

The  total  installation  and  construction  cost  estimate  of  $125,500  includes 
$106,000  for  construction,  $7,000  for  engineering  and  other  technical 
assistance,  $12,000  for  administration,  and  $500  for  land  rights.   See 
Table  1.   The  total  installation  and  construction  cost  estimate  of  $125,500 
will  be  shared,  with  $70,000  coming  from  RC&D  funds  and  $55,500  from  other 
funds.   RC&D  will  furnish  funds  needed  for  engineering  and  other  technical 
assistance,  estimated  to  be  $7,000.   Administration  costs  will  be  met  by 
RC&D  and  other  funds  as  incurred  by  the  Soil  Conservation  Service  (SCS) 
and  the  local  sponsoring  organizations  respectively.   Administration  costs 
are  estimated  to  be  $10,000  for  the  SCS  and  $2,000  for  the  sponsors. 
Estimated  land  right  costs  of  $500  will  be  provided  from  other  than  RC&D  funds. 

Costs  shown  in  the  measure  plan  are  estimates.   Actual  costs  incurred 

for  installation  of  measures  will  be  used  to  determine  costs  borne  by  each 

party. 

-       295 


(..   Method  of,  F inane 

The  ("ear;      ain  irrigation  District  will  furnish  private  funds  to 
mee'  the  loca1  r;f-~e  of  structural  measure  installation. 

1 ' .   Land  and  Viator  R f  c. h E  s 

Tb<=  Meat?  P.ountain  Irrigation  District  has  agreed  to  provide  all  land 
and  water  rights  necessary  for  proper  construction,  operation,,  and 
maintenance  of  measure  structural  features.   The  land  rights  cost  estimate 
of  $^00,  including  $300  for  surveys,  legal  fees,  and  other  costs,  is  to 
aiioir   date  m  lor  relocation  of  the  lateral  out  of  existing  rights  of 
held   by  the  irrigation  district, 

I  .   i."n!  i  art  i  nq  and  procurement 

I  Iip  measure  will  be  installed  by  contra;-;  and  performance  of  work.   The 

sponsors  will  install  the  buried  pipe; ins,  complete  the  necessary  aarth- 

work  to  provide  a  subgrade  for  concrete  canal  lining,  slo^e  the  eroded 

hanks  holow  the  drop  structures,  end  seed  the  disturbed  areas.   The  valu** 

.')  earthwork  and  pipeline  installation  will  be  considered  as  a  portion  of 

tho  sponsors'  share  of  the  cost.   The  quantity  and  value  of  the  work 

pm  lot  mod  by  the  sponsors  will  be  determined  by  mutual  agreement  immediatel/ 

pi  ioi  \o    signing  the  project  agreement  and  will  be  set  forth  in  the 

am  eomon!  .   The  concrete  lining  will  be  installed  using  competitive  contract" 

pioirdures.   The  Heart  Mountain  Irrigation  District  will  administer  contracts, 


I.C0N0MIC  EVALUATION,  BENEFITS,  AND  EFFECTS 

A.   H;C_Rat  io 

The  measure  benefit-cost  ratio  of  IoSjK  Average  onnuol  benefits  ore 
estimated  to  be  $12,635,   Primary  benefits  of  $11 „935  arc  estimated  to 
result  from  reduced  canal  operation  and  maintenance  costs?  increased 
agricultural  production  on  33  acres,  and  the  value  of  water  saved.   Net 
secondary  benefits  induced  by  and  stalling  from  the  measure  arc  estimated 
to  be  $650=   fee  Table  h.      The  estimated  average  annual  measure  cost  is 
$10,200,   See  Tabl s  " . 

B •   Economic  f r  a ac t 

Measure  structural  features  will  increase  overall  canal  transmission 
efficiency  frcm  63  to  0^  percent.   Increased  transmission  efficiency  will 
reduce  water  loss  about  1,^00  ncre^feet  annually,  Deduced  seepage  will 
al '     '.  1  productive  agricultural  use  en  33  acres  presently  limited  in 
.production  by  a  high  water  table  created  by  coon'  seepage P  and  allow  for 
productive  use  of  die  water  so-.''"      n  .   oil  features  will  also  reduce 
the  need  to  supip     :  flows  by  puntping  into  the  lower  reach  of  the  c« 
by  about  17."      set  annually.  Structural  features  will  replace  the 
ual  Cc  and  ntaintc      costs  of  !     I„  with  the  estimated 

;  structural  "■         $5009  and  elimionte  incroa:  . 
operating  ,750,       -oard  of  canal  failure  due  to  reduced 

been  eval uated. 

. 


Agricultural  employment  is  not  expected  to  increase  more  than  one 
man-year  annually.   Benefits  to  the  community  will  be  realized  through 
more  efficient  and  productive  use  of  the  water  and  land  resources  and 
through  reduced  expenditures  by  the  irrigation  district  serving  the 
communi  ty . 

C.  Social  and  Environmental  Effects 

Areas  of  natural  beauty  will  be  improved  by  reducing  weed  growth  on 
canal  banks,  eliminating  canal  side  spoil  banks,  and  shaping  and 
vegetating  eroded  canal  banks.   Quality  considerations  of  water  and 
land  resources  will  be  improved  by  reducing  erosion  in  the  canal, 
increasing  irrigation  water  delivery  efficiency,  lowering  the  high  water 
table  on  33  acres  of  cropland  and  enhancing  agricultural  productivity, 
reducing  water  loss  through  deep  percolation,  and  reducing  irrigation 
water  return  flows. 

Marginal  wildlife  habitat  along  canal  banks  wi  1 1  be  stabilized.   Con- 
sultation with  the  resident  game  biologist  for  the  Wyoming  Game  and 
Fish  Commission  indicates  no  adverse  impact  on  wildlife  will  result 
from  the  measure. 

D.  Land  Use  Adjustments 

No  land  use  changes  will  result  from  the  measure.   Cropping  pattern  will 
change,  and  more  intensive  farming  practices  will  be  employed  on  33 
acres  of  cropland. 

i/I.   OPERATION  AND  MAINTENANCE 

A.  Operation,  Maintenance,  and  Replacement 

Heart  Mountain  Irrigation  District  will  be  responsible  for  the  operation 
and  maintenance  of  the  improvements  installed.   An  operation  and  main- 
tenance agreement  will  be  entered  into  between  the  Heart  Mountain  Irrigation 
District  and  the  Soil  Conservation  Service  setting  forth  operation  and 
maintenance  requirements.   The  estimated  annual  cost  of  maintaining 
installed  structural  measures  is  $500.   Maintenance  work  will  normally 
include  control  of  weed  growth  along  lining  and  sealing  any  breaks  in  the 
1 i  ni  ng. 

Maintenance  of  land  treatment  measures  will  be  performed  by  individual 
landowners  or  operators. 

B.  Inspection  of  Improvements 

Inspection  of  the  improvements  will  be  made  annually  by  the  Heart  Mountain 
Irrigation  District  and  the  Soil  Conservation  Service  for  a  period  of 
3  years.   Annual  inspections  after  the  third  year  will  be  made  by  the 
Heart  Mountain  Irrigation  District.   Inspection  reports  will  be  supplied 
to  the  Soil  Conservation  Service  annually.   Upon  request,  the  Powell- 
Clarks  Fork  Conservation  District  will  provide  technical  assistance  for 
needed  maintenance  work. 
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VI I „   UNIFORM  RELOCATION  ASSISTANCE  AND  HEAL  PROPERTY  ACQUISITION  ACT 

The  measure  sponsor  assures  that  comparable  replacement  dwel  lings  wi  1 1  be 
available  for  individuals  and  persons  displaced  from  dwellings,  and  wi 1 1 
provide  relocr  ::on  assistance  advisory  services  and  relocation  assistance, 
make  the  relocation  payments  to  displaced  persons,  and  otherwise  comply  with 
the  real  sroperty  acquisition  policies  contained  in  the  Uniform  Relocation 
Assistance         Property  Acquisition  Policies  Act  of  1 970  (Public  Law 
91«6':6,  '■  effective  as  of  January  2,  1971  9  and  the  Regulations 

issued  by  the  Secretary  of  Agriculture  pursuant  thereto. 

The  costs  of  relocation  payments  will  be  shared  by  the  measure  sponsor  and 
the  Service  as  follows? 

Estimated  i/ 
Measure  Relocation 

Sponsor  Service  Payment  Costs 

-cent)         (Percent)  '(Dollars) 

Rel ocation 

Payments  79 »0  21,0  0 

VIII.   MUTUALLY  AGREEABLE  PLAN 

Through  a  request  of  the  Heart  [fountain  Irrigation  District  and  the  Powell- 
Clarks  Fork  Conservatif n  District  (called  sponsors)  and  the  cooperative 
efforts  of  the  sponsors  and  the  Soil  Conservation  Service  (called  SCS),  this 
mutually  agreeable  RC&"  measure  plan  has  been  completed.   This  RC&D  measure 
plan  has  been  adopted  by  the  Big  Morn  Dasin  Wyoming  RC&D  Project  RC&D  Council 
and  included  in  the  project  plan  as  a  means  to  accomplish  objectives  for  the 
project „ 

IX.   AGREEMENT  REQUIRED  TO  OBLIGATE  FUNDS 

This  is  not  a  fund-obligating  document.   Financial  and  other  assistance  to  be 
furnished  by  SCS  in  carrying  out  the  work  in  this  plan  is  contingent  on  the 
appropriation  of  funds  for  this  purpose. 

A  separate  agreement  will  be  entered  into  between  the  SCS  and  the  sponsor(s) 
before  either  party  initiates  work  involving  funds  of  the  other  party „   Such 
agreement  will  set  forth  in  detail  the  financial  and  working  arrangements 
and  other  conditions  that  are  applicable  to  the  specific  improvements  to  be 
instal led. 


X.   COMPLIANCE  WITH  CIVIL  RIGHTS  ACT 

The  Program  conducted  will  be  in  compliance  with  all  agreements  respecting 
nondiscrimination  as  contained  in  the  Civil  Rights  Act  of  196^  and  the 


Investigation  has  disclosed  that  under  present  conditions  the  RC&O 
measures  will  not  result  in  the  displacement  of  any  person,  business, 
or  farm  operation.     Tver,  if  relocations  become  necessary,  relocation 
I  a  ments  will  be  cost-shared  in  accordance  with  the  percentage  shown, 

-■    '  '  on 


Regulations  of  the  Secretary  of  Agriculture  (7  C.F.R.  Sec.  15.1-15.12)  which 
irovide  that  no  person  in  the  United  States  shall,  on  the  ground  of  race, 
color,  or  national  origin,  be  excluded  from  participation  in,  be  denied  the 
benefits  of,  or  be  subjected  to  discrimination  under  any  activity  receiving 
federal  financial  assistance. 


XI.   NO  MEMBER  OF  CONGRESS  TO  BENEFIT 

No  member  of  or  delegate  to  Congress,  or  resident  commissioner,  shall  be 
admitted  to  any  share  or  part  of  this  agreement,  or  to  any  benefit  that  may 
arise  therefrom;  but  this  provision  shall  not  be  construed  to  extend  to 
this  agreement  if  made  with  a  corporation  for  its  general  benefit. 

XII.   This  plan  may  be  amended,  revised,  or  terminated  only  by  mutual  agreement 
of  the  parties  hereto. 


HEART  MOUNTAIN  IRRIGATION  DISTRICT 

By Date 

Ti  1 1 e 

'uthorized  by  a  resolution  of  the  Heart  Mountain  Irrigation  District  at  a 

seting  held  on . 

(Date) 

POWELL-CLARKS  FORK  CONS.  DISTRICT 

By Date 

Title 


Authorized  by  a  resolution  of  the  Powel 1 -C 1  arks  Fork  Conservation  District  at 

a  meeting  held  on . 

(Date) 

SOIL  CONSERVATION  SERVICE 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

By_ 


(State  Conservationist) 
Date 
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TABLE  3  -  ANNUAL  COST 

Lateral  RON  Farm  irri cation  RC&O  Measure 

(Dollars)  -1-/ 


Evaluation      Amortization  of    , 
Unit        Installation  Cost  iJ 

Operation  and 
Maintenance  Cost  I  Total 

Cana  1 
Lining 

8,775 

500 

■ 

9,275 

Administration  |_       925 

oooooecaaaooaec*     U 

„  o  o  o  o  o  0  •  o  a  .  a  -  *  c  o                QOC 

J 

,  GRAND  TOTAL 

0,700 

500       j  10,200 

\J     Price  bases   Installation  1975,  05-M,  Current, 
2__/  25  years  (?)  5  7/8  percent  interest. 


April    1975 
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PREFACE 

This  report  of  the  Lower  Greybull  River  Watershed  is  an  update  of 
the  LOWER  GREYBULL  RIVER  WATERSHED  INVESTIGATION  REPORT  revised 
March  1972  that  was  prepared  by  agencies  of  the  U.  S.  Department 
of  Agriculture  for  the  Wind-Bighorn-Clarks  Fork  River  Basin 
Type  IV  Study. 

The  Watershed  Investigation  Report  (WIR)  is  presented  .as  the  body 
of  this  report.   No  changes  have  been  made  in  the  descriptions  of 
conditions,  quantities,  or  the  plan  contained  in  the  WIR.  All 
dollar  values  in  the  WIR  were  changed  to  reflect  the  more  nearly 
current  economic  conditions.   A  factor  of  1.35  was  applied  to  the 
estimated  structural  costs  of  the  WIR  to  bring  the  estimated  costs 
to  1975  levels.   Current  normalized  prices  (issued  by  the  Water 
Resources  Council,  October  197*+)  and  an  interest  rate  of  6  1/8  percent 
were  used  in  the  economic  evaluation. 

The  displays  of  the  effects  of  the  project  on  National  Economic 
Development,  Regional  Development,  Social  Well-Being,  and  Environmental 
Quality  have  been  added  to  the  report. 

The  Lower  Sunshine  Reservoir,  which  is  described  in  the  Watershed 
Investigation  Report  as  being  under  construction,  has  now  been  built. 
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LOWER  GREYBULL  RIVER  WATERSHED  INVESTIGATION  REPORT 
WIND  -  BIGHORN  -  CLARKS  FORK  RIVER  BASIN 
Rev.  March  1972 

THE  WATERSHED  IN  BRIEF 

The  Lower  Greybul 1  River  Watershed  is  located  in  Park  and  Big  Horn 
Counties,  Wyoming,  in  the  heart  of  the  Wind-Bighorn-Clarks  Fork  River 
Basin.   The  watershed  boundary  as  delineated  in  this  study  encompasses 
the  area  drained  by  the  Greybull  River  from  Sheets  Flat  to  the  Bighorn 
River,  plus  the  southern  drainages  of  Igwer  Dry  Creek.   Centered  at 
longitude  108°  20'  West  and  latitude  kk      30'  North,  the  watershed  is 
about  30  miles  long  and  12  miles  wide. 

Physiographical 1y,  the  watershed  consists  of  the  stream  valleys  and  low 
terraces  of  the  Greybull  River  and  Dry  Creek,  the  bedrock  slopes  and 
badlands  reaching  to  Tatman  and  Sheep  Mountains  to  the  south  and  the 
flat-topped  interstream  divides  of  YU  Bench,  Emblem  Bench,  and  Table 
Mountain.   Elevations  range  from  6,229  on  Tatman  Mountain  to  3,780  on 
Dry  Creek  at  the  Bighorn  River.   Annual  precipitation  averages  about 
6  inches,  and  the  growing  season  is  about  125  day's.   The  entire  watershed 
lies  within  Land  Resource  Area  32. 

There  are  202,933  acres  in  the  watershed,  of  which  1+5,233  acres  are 
irrigated.   The  remaining  area  is  primarily  rangeland.   Fifty-two  percent 
of  the  land  is  federally-owned  and  administered  by  the  Bureau  of  Land 
Management;  forty-four  percent  is  privately-owned;  and  four  percent 
state-owned. 

The  major  economic  activity  in  the  watershed  is  the  production  of 
irrigated  crops  including  hay,  grain,  silage,  and  sugar  beets.   There 
are  about  255  operating  farm  units,  and  they  comprise  the  Greybull  Valley 
Irrigation  District.   Water  for  irrigation  is  obtained  by  diversion  from 
the  Greybull  River.   The  District  owns  and  operates  Sunshine  Reservoir, 
which  is  about  30  miles  upstream  to  supplement  late  season  river  flows. 
Another  reservoir,  Lower  Sunshine,  is  currently  under  construction. 

Population  centers  include  Greybull,  population  1,953,  on  the  Bighorn 
River,  and  the  small  communities  of  Burlington,  Emblem,  and  Otto  within 
the  farming  area.   U.  S.  Highway  1^-16-20  traverses  the  northern  part 
of  the  watershed  between  Greybull  and  Cody,  and  is  a  primary  east-west 
route  to  Yellowstone  National  Park.   An  all-weather  county  road  traverses 
the  southern  portion  of  the  farmed  area. 

The  area    south  of  the  Greybull  River  consists  of  scenic  badlands  and 
colorful  Tatman  Mountain.   The  mountain  and  adjacent  badland  foothills 
is  an  erosional  remnant  developed  in  the  flat-lying  Willwood  formation 
of  Lower  Tertiary  Age.   This  formation  consists  of  brilliantly  colored 


layers  of  silt  and  mud  stones.   The  colors  range  from  grey  to  a  greenish 
hue  alternating  with  layers  of  bright  red  to  lavender  zones  with  the 
reds  predominating.   The  area  has  been  identified  as  a  potential  Scenic 
Area  in  the  Wind-Bi ghorn-C 1  arks  Fork  River  Basin  Report,  and  could  be 
developed  for  recreational  purposes. 

Increasing  tourist  activity  and  local  demands  upon  wildlife  for  sport 
hunting,  fishing  and  observation  dictate  that  the  more  subtle  forms  of 
recreation  be  considered  in  all  forms  of  watershed  development.   This 
project  could  lend  itself  well  to  total  resource  planning  and  develop- 
ment. 

WATERSHED  PROBLEMS  AND  NEEDS 

F1 oodwater 

Flood  damages  have  been  incurred  along  the  entire  length  of  the  Greybul 1 
River.   The  most  serious  damages  have  occurred  in  the  lower  reaches  in 
the  Lower  Greybul 1  Watershed.   The  floods  usually  occur  in  June  as  a 
result  of  heavy  rains  and  high  snowmelt  runoff.   Serious  floods  occurred 
in  June  1937,  May  1957,  June  1957,  June  1963,  June  1965,  and  Juno  1967. 
The  most  damaging  flood  occurred  in  June  1963.   Peak  flows  were  estimated 
to  be  19,^00  cfs.   Damages  were  estimated  to  be  several  hundred  thousand 
dollars.   Nearly  all  the  irrigation  structures  on  the  river  were  severely 
damaged,  destroyed,  or  bypassed.   Some  croplands  were  flooded;  others 
severely  eroded  beyond  restoration.   Farmsteads,  farm  roads,  and  bridges, 
and  nearly  all  county  and  state  bridges  were  destroyed.   Also,  undeter- 
mined destruction  of  river  bottom  habitat:  resulted  through  siltation  of 
spawning  gravels,  channel  changes,  and  warming  of  the  river  waters. 

There  is  a  probability  of  damaging  floods  in  about  two  of  terv-y-eats. 
The  most  serious  problems  are  the  damages  to  the  irrigation  structures 
and  changing  of  the  river  channel. 

Drainage 

The  agricultural  industry  in  the  watershed  is  based  on  the. k$ , 233  ac 
of  irrigated  lands.   The  lands  are    used  Lo  produce  forage  and  habitat 
for  livestock,  wildlife,  small  grains,  and  row  crops.   Many  of  the  lan 
in  the  watershed  have  become  wet  since  irrigation  has  been  introduced. 
Crop  production  has  been  abandoned  in  the  wattest  area.s,  and  the  lands 
are   used  for  low  yielding  pasture.   In  other  areas  crop  production  is 
limited  and  yields  reduced.   About  31>600  acres  are  affected  by  adverse 
drainage  condi  ti  ons--2,  160  on  Emblem  Bench  and  29,^0  near  Burlington 
and  Otto.   Land  use  and  crop  yields  on  the  wet  acreage  is  as  follows: 
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Crop  Acres  Yield 

Wildlife  28,300*     3,369  Hunter  Days 

Alfalfa  hay          i*,060  9,390  Ton 

Barley               3,870  182,100  Bu. 

Improved  pasture      2,220  7,7^0  AUM 

Corn                  1,650  16,500  Ton 

Sugar  beets           3,300  52,800  Ton 

Abandoned  to  low  16,500  1 3,680  AUM 
grade  pasture 

TOTAL         31,600 

"  Not  included  in  total  because  wildlife  use  overlaps  other  uses. 

The  problem  area  is  located  in  two  separate  contiguous  areas—one  on 
Emblem  Bench  and  the  other  in  the  Burlington-Otto  area.   The 
Burlington-Otto  area  is  located  on  a  lower  terrace  of  the  Greybull 
River  and  extends  from  two  miles  west  of  Burlington  to  four  miles  east 
of  Otto.   Drainage  in  this  area  outlets  into  the  Greybull  River.   The 
area  from  Otto  west  is  underlain  by  gravel  within  a  drainable  depth, 
and  would  respond  quickly  to  subsurface  drainage.   The  remaining  area 
is  underlain  by  tight  soils,  and  would  be  difficult  to  drain.   It 
would  respond  very  slowly  to  drainage. 

The  second  area  is  located  on  Emblem  Bench  in  the  area  south  and  east 
of  Emblem.   This  is  a  high  terrace,  and  is  generally  underlain  by  sand 
and  gravel  within  a  drainable  depth.   It  would  respons  to  drainage 
fairly  quickly.   Drainage  in  this  area  would  outlet  into  Dry  Creek. 

There  is  sufficient  gradient  for  drainage  in  both  areas. 

PHYSICAL  POTENTIAL  FOR  MEETING  NEEDS 

There  is  little  potential  for  solving  the  flood  problem  by  construction 
of  floodwater  retarding  structures  op  the  Greybull  River  or  its  tribu- 
taries.  Reservoir  sites  which  would  provide  flood  control  are   practi- 
cally non-existent.   Several  off-stream  sites  can  be  found  in  the  upper 
watershed,  but  the  costs  of  diversion  from  the  main  river  are   excessive. 
The  diversion  of  900  cfs  from  the  Greybull  River  into  Sunshine  Reservoir, 
and  the  other  irrigation  diversions  reduce  the  peak  flows;  but  when 
compared  to  a  one  percent  chance  peak  in  the  lower  reaches  of  the 
Greybull  River  of  about  25,000  cfs,  the  river  essentially  roars  unchecked 
during  times  of  flood.   The  lower  river  is  characterized  by  a  wide, 
cobbly,  meandering  channel. 

Diking  and  channel  improvement  have  been  successfully  done  in  some 
places,  but  is  costly,  especially  from  a  maintenance  standpoint.   There 
appears  to  be  only  isolated  potential  for  this  type  of  treatment  along 
with  the  upgrading  and  f loodproof ing  of  irrigation  diversion  structures. 
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Th2  drainage  problem  is  widespread  and  is  adaptable  to  project  type 
action.   A  system  of  closed  and  open  drains  may  be  developed  to  reduce 
the  high  water  table,  thus  increasing  the  productivity  of  the  crop- 
lands.  The  system  may  also  be  developed  in  such  a  manner  as  to  provide 
year-round  nabitat  for  many  animal  species  and  fisheries. 

A  drainage  system  of  this  type  can  result  in  substantial  increases  of 
wildlife  habitat  and  recreational  opportunities  if  properly  planned 
and  implemented.   Existing  habitat  for  wildlife  has  resulted  from  a 
random  pattern  of  agricultural  operations  caused  by  poor  water  manage- 
msnt  and  tight  soils.   Recreational  use  of  wildlife  presently  is 
limited.   Wildlife  habitat  can  and  should  be  systematically  developed 
for  a  target  species  in  coordination  with  the  primary  purpose  of 
improving  agriculture. 

Closed  drains  in  connection  with  open  ditches  will  provide  cleaner  and 
more  dependable  water  of  a  uniform  temperature  for  fisheries  and  will 
also  provide  open  water  for  wintering  flocks  of  waterfowl. 

Proper  vegetative  planting  and  fencing  can  provide  cover  for  small 
game,  upland  game  birds,  reduction  of  drain  bank  slumping  and  protec- 
tion to  fields  from  winds. 

Once  open  drains  have  crossed  high  value  irrigated  lands,  the  opportunity 
to  create  shallow  impoundments  on  lower  value  grazing  lands  should  be 
expl ored. 

Public  access  should  be  secured  on  all  rights-of-way  that  would  lend 
themselves  to  some  form  of  outdoor  recreation. 

LOCAL  INTEREST  IN  PROJECT  DEVELOPMENT 

The  first  permanent  irrigation  canals  were  constructed  by  partnerships 
and  individuals  in  I878.  Over  the  years  high  water  tables  caused 
deterioration  of  the  irrigated  lands.   A  drainage  district  was  organized, 
and  some  project  drainage  was  done.   The  drains  were  not  maintained, 
and  the  district  was  dissolved.   A  study  of  potential  drainage  was  made 
by  the  Soil  Conservation  Service  in  the  early  1950' s  through  the 
Greybul 1 -Shel 1  Conservation  District,   The  drainage  had  potential,  and 
general  interest  was  high.   However,  some  farmers  on  the  eastern  portion 
of  the  project  area  objected.   They  were  using  the  drainage  water  to 
supplement  their  irrigation  water.   The  project  died.   Farmers  have 
since  accomplished  some  individual  drainage  work  on  their  own  farms. 

Local  interests  recognize  that  an  overall  coordinated  group  project  is 
needed.   The  new  Lower  Sunshine  Irrigation  Project  will  provide  suffi- 
cient irrigation  water  for  all  of  the  lands.   The  need  for  using  drainage 
water  for  irrigation  purposes  will  be  eliminated. 

The  Greybull  Valley  Irrigation  District  satisfies  the  requirements  for 
a  small  watershed  sponsoring  organization. 
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WORKS  OF  IMPROVEMENT  FOR  POTENTIAL  DEVELOPMENT 
Land  Treatment  Measures 

About  78  percent  of  the  watershed  land  is  used  for  livestock  and  wild- 
life grazing,  the  majority  of  which  is  open  range  under  the  jurisdic- 
tion of  the  Bureau  of  Land  Management.   Principal  emphasis  should  be 
directed  toward  proper  grazing  use.   Water  developments,  fencing,  and 
deferred  grazing  would  aid  in  using  these  lands  within  their  productive 
potential  and  improve  the  hydrologic  conditions.   These  practices  could 
be  coordinated  with  the  Bureau  of  Land  Management  on  the  lands  they 
manage. 

Treatment  is  needed  on  the  agricultural  lands  to  improve  irrigation 
water  control.   Water  delivery  system  improvement  is  a  must.   Seepage 
losses  in  canals  and  ditches  can  be  reduced  by  lining,  improved  ditch 
layout,  and  water  control  structures.   A  water  measurement  program 
could  be  used  to  improve  water  management  and  the  effectiveness  of 
the  drainage  program.   Better  water  management  would  also  result  in 
less  waste  and  initial  demand,  providing  greater  quantities  of  water 
for  wildlife  and  recreation. 

Structural  Measures 

The  structural  program  for  potential  development  consists  of  a  drainage 
system  including  both  open  and  closed  drains.  Two  separate  systems  are 
proposed.  The  Emblem  Bench  system  would  drain  the  northern  part  of  the 
irrigated  area  and  empty  into  Dry  Creek.  The  Burlington  area  system 
would  service  the  southern  area  and  empty  into  the  Greybull  River.  The 
two  systems  would  provide  drainage  for  21,200  acres  of  land  that  is  now 
abandoned,  undeveloped,  or  suffering  from  decreased  production. 

The  closed  drains  would  consist  of  tile  lines  ranging  in  size  from  6  to 
12  inches.   Existing  tile  lines  would  be  tied  into  the  project  system. 
Many  existing  open  drains  would  be  replaced  by  tile  lines.   Open  outlet 
drains  would  be  installed  to  intercept  the  closed  drains  and  transport 
drain  water  to  Dry  Creek  and  the  Greybull  River.   Existing  open  drains 
would  be  rehabilitated  and  incorporated  into  the  system  where  possible. 

Such  drains  could  be  constructed  in  a  manner  that  they  would  enhance 
wildlife  habitat.   Right-of-way  areas  along  open  drains  could  be  planted 
with  trees  and  other  types  of  cover,  fenced,  and  maintained  as  public 
access  areas  for  hunting. 

NATURE  AND  ESTIMATE  OF  COSTS  OF  IMPROVEMENTS 

Preliminary  design  and  cost  estimates  for  the  drainage  systems  were 
prepared  using  topographic  maps,  soil  survey  maps,  aerial  photographs, 
and  actual  installation  costs  of  similar  drainage  systems  in  the 
watershed. 
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A  cost  per  acre  for  the  drainage  was  developed  considering  the  soils, 
gradients,  and  areas  needing  treatment.   Tile  line  capacities  are 
designed  to  flow  one-half  full  during  normal  operation. 

A  15  percent  cost  contingency  was  added  to  the  construction  costs  of 
the  system.   Wildlife  habitat  maintenance  development  and  rights-of-way 
costs  are  expected  to  be  low,  and  ware  not  included.   Engineering 
services  and  project  administration  costs  were  estimated  using  averages 
for  PL  566  projects  in  the  State. 


EFFECTS  AND  ECONOMIC  FEASIBILITY  OF  POTENTIAL  DEVELOPMENT 

Economic  Effects 

The  structural  program  could  permit  more  intensive  use  of  15,100  acres 
(1,000  on  Emblem  Bench  and  14,100  naar  Burlington  and  Otto).   These 
lands  have  a  high  water  table  which  restricts  crop  yields.   About  6,100 
acres  of  abandoned  lands  near  Burlington  and  Otto  could  be  restored  to 
cropland.   Land  use  and  crop  yields  with  the  structural  program 
installed  would  be: 


Crop  Acres         Yield 

Wildlife 
Alfalfa  hay 
Bar  ley 

Improved  pasture 
Corn 

Sugar  beets 
Abandoned  low  grade 
pasture 

TOTAL     31,600 
"  Not  included  in  total  because  wildlife  use  overlaps  other  uses. 

Annual  gross  farm  income  would  increase  about  $80.00  per  acre  drained. 
Net  farm  income  would  increase  about  $760,000,  or  $36.00  per  acre 
drained. 

There  are  about  175  farm  operators  who  .vould  be  affected  by  the  struc- 
tural drainage  program.   Average  net  farm  income  per  farm  would 
increase  by  about  $4 , 700  annually.   At  the  present  time,  the  affected 
area  is  essentially  a  low  income  pocket  in  a  vigorous  farming  area.   The 
increased  productivity  will  elevate  the  affected  area  to  an  economic 
and  social  level  comparable  to  the  surrounding  agricultural  area. 


27,250* 

5,841    Hunter    Days 

5,870 

21,200   Ton 

5,110 

429,500    Bu. 

4,130 

24,350   AUM 

1,740 

27,840   Ton 

4,350 

87,000   Ton 

10,i+00 

6,240   AUM 
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Secondary  effects  will  result  as  increased  income  is  disposed  in  the 
community  through  its  business  and  institutions.   The  agricultural 
supply  industry  will  bs  benefited  by  the  increased  demand  for  inputs 
for  the  intensively  farmed  acreages.   Service  facilities  for  sportsmen 
will  also  benefit  from  increased  hunter-days  use.   Aesthetic,  wildlife, 
and  recreational  values  will  be  enhanced  through  the  special  considera- 
tions outlined. 

Prima-y  benefits  of  $825,800  ($39,000  on  Emblem  Bench  and  $  786,800  near 
Bu'lington  and  Otto)  and  seconda-y  benefits  of  $1  07,400  woul  d  make  total 
average  annual  benefits  of  $933,200,  Average  annjal  costs  would  be 
$380,400,  and  the  benefit-cost  ratio  2.5  to  1. 

The  potential  structural  program  would  not  directly  affect  10,400  acres 
(1,160  on  Emblem  Bench  and  9,2^0  near  Burlington  and  Otto).   These 
areas  are   physically  and  economically  infeasible  to  drain.   A  feasible 
project  action  to  control  the  flooding  was  not  found;  however,  this 
land  is  valuable  as  wildlife  habitat.   Developments  designed  to  benefit 
wildlife  could  turn  this  land  into  a  valuable  wildlife  district  when 
economic  conditions  allow. 

The  development  of  a  scenic  area  or  other  type  of  recreational  area  in 
the  southern  part  of  the  watershed  could  provide  recreational  facilities 
such  as  picnicking,  camping,  hiking,  and  sightseeing  throughout  the 
entire  year.   This  potential  should  be  protected  for  use  by  local 
residents,  recreationi sts  from  within  the  State,  and  tourists  enroute  to 
and  from  Yellowstone  National  Park. 

Environmental  Effects 

Environmental  impact  -  The  potential  project  would  create  an  environ- 
mental impact  on  the  area  through  the  draining  of  31,600  acres  of  land. 
The  project  would  decrease  the  density  of  the  open  drainage  ditch  net- 
work and  increase  the  average  ditch  size.   It  is  expected  that  in  the 
expansion  of  the  drainage  system  the  overall  total  length  of  ditches 
would  remain  about  the  same. 

Favorable  environmental  effects  -  The  project  would  almost  double  crop 
yields  and  improve  the  economic  climate  and  general  standard  of  living 
in  the  area.  .  Proper  vegetative  planting  and  public  rights-of-way  can 
substantially  increase  wildlife  habitat  and  public  recreational  use. 
Closed  drains  in  connection  with  open  ditches  will  provide  cleaner  and 
more  dependable  water  of  a  uniform  temperature  for  waterfowl  and 
fisheries,  and  also  provide  open  water  for  wintering  flocks  of  waterfowl „ 
The  quality  of  the  return  flows  from  the  irrigated  lands  would  improve 
due  to  the  reduction  of  time  in  contact  with  highly  mineralized  soils 
in  the  low  areas. 

Adverse  environmental  effects  which  cannot  be  avoided  -  The  project 
would  change  the  habitats ^of  small  game  and  birds.   Some  abandoned  lands 
are  used  by  small  game  and  birds,  and  the  wet  areas  are  used  as  escape 
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cover  by  pheasants.   The  project  would  have  a  tendency  to  decrease  the 
return  flows  during  the  fall  and  winter  period  due  to  faster  lowering 
of  the  water  table  after  the  irrigation  season. 

Alternatives  to  the  proposed  action  -  A  partial  alternative  to  the 
drainage  systems  is  improved  water  management.   Even  with  vary   effi- 
cient water  management,  some  drains  would  still  be'  required. 

Relationship  between  local  short-term  uses  of  man's  environment  and 
the  maintenance  of  long-term  productivity  -  The  potential  project  would 
enhance  short-term  productivity  by  increasing  crop  production,  enhancing 
overall  wildlife  habitat,  and  improving  the  aesthetic  and  scenic  values 
of  the  area.      The  future  productivity  of  the  land  will  be  insured.   If 
satisfactory  drainage  is  not  provided,  eventually  much  of  the  land  will 
become  impossible  to  reclaim  and  be  permanently  lost  for  agricultural 
uses. 

Irreversible  or  irretrievable  commitment  of  resources  -  The  potential 
development  would  require  no  irreversible  or  irretrievable  commitment 
of  resources. 

ALTERNATE  OR  ADDITIONAL  POSSIBILITIES 

A  comprehensive  program  :>f  land  treatment  practices  to  improve  the  effi- 
ciency of  the  use  of  irrigation  water  could  supplement  and  possibly 
eliminate  the  need  for  some  of  the  drainage.   Reorganization  of  the 
irrigation  water  delivery  and  disposal  system  including  measuring 
devices  and  batter  irrigation  wjter  management  would  be  needed.   Eventu- 
ally, sprinkler  systems  could  be  used  to  alleviate  many  of  the  problems. 
However,  much  of  the  land  can  only  be  reclaimed  for  crop  production  with 
a  project  type  drainage  program. 

SUMMARY 

The  Lower  Greybul 1  River  area  has  potential  for  a  small  watershed  project 
for  the  purpose  of  agricultural  water  management  through  group  drainage 
systems. 

Adequate  consideration  will  protect  and  possibly  enhance  the  overall 
recreational  and- wildlife  values  of  the  area. 

The  drainage  measures  would  permit  more  intensive  cropping  on  15,100 
acres  of  currently  irrigated  land  and  restoration  to  productivity  of 
6,100  acres  of  abandoned  land.   Average  annual  benefits  from  the  project 
would  be  $933,200  compared  to  an  average  annual  cost  of  $380,^00,  result- 
ing in  a  benefit-cost  ratio  of  2.5=1- 
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Table    1    ESTIMATED    STRUCTURAL   COST-POTENTIAL    DEVELOPMENT 
Lower   Greybull    River  Watershed,    Wind-Bi ghorn-Clarks   Fork   River    Basin 


I  tern 


Unit 


Amount 
Planned 


E  st  imated 
Total  Cost 


Td 


rv 


STRUCTURAL   MEASURES 

Construction 

Emblem  Bench   Drainage   System 
Burlington-Otto   Drainage    System 

Subtotal    Construction 


Acres 
Acres 


1,000 
20,200 


o  I  l  ar s 


202,500 
847,500 

i+;050,000 


Engineering    Services 
Project   Administration 


486,000 
729,000 


TOTAL    STRUCTURAL    MEASURES 


5,265,000 


\J     Price    Base    1975 
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Table   k  ANNUAL   COST 
Lower   Greybull    River   Watershed,    Wmd-Bighorn-Clarks   Fork   River   Basin 


(Dollars) 


1/ 


Eval uat  ion 
Unit 

Amortization    of   2/ 
Instal lation   Cost 

Operation   and 
Maintenance    Cost 

Total 

Emblem   Bench 
Drainage    System 

Bur  1 i ngton-Otto 
Drainage    System 

li+,600 
278,200 

2,000 
38,500 

16,600 

3lt>,700 

Project    Ad- 
mini  st  rat  ion 

i+7,100 

i+7,100 

GRAND   TOTAL 

339,900 

*40,500 

380, ^400 

\J     Price    Base     1975 

2,/      Amortized   50   years  i?>  6   1/8   percent 
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DISPLAY  OF  ACCOUNTS 


National  Economic  Development  Account 

Beneficial  effects 

Drainage 
External i  ties 

Total  beneficial  effects 

(annual  equivalent  value) 

Adverse  effects 

Instal lation  cost 
Annual  OM&R 

Total  annual  cost 

Net  beneficial  effect 


$825,800 

107,^00 

$933,200 


$339,900 
40,500 

$380,400 

$552,800 


Regional  Development  Account 

Beneficial  effects 

User  benefits 
Drainage 

Region  benefits 

Employment  impact  1/ 
Induced  and  stemming  from  =J 
External i  ties 

Total  beneficial  effects 

(annual  equivalent  value) 

Adverse  effects 

Investment 
Annual  0M&R 

Total  adverse  effects 

(annual  equivalent  value) 

Net  beneficial  effect 

\J     Amortized  construction  cost  x  .30  +  0M&R 

2/  Drainage  benefits  x  2.0 

"}J     Sponsors'  share  of  amortized  cost 


Region 


Adjacent   Rest  of 
Region     Nation 


$  825,800 

0 

0 

118,900 

1,651,600 

107,400 

0 
0 
0 

0 
0 

0 

$2,703,700 

0 

0 

$103,700 
40,500 

$171,200 


$2,532,500 


1/ 


0          $209,100 
0         0 

0  $209,100 


0       -$209,100 
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Social  Well-Being  Account 

A.  Income 

1.  Net  income  on  175  ranches  would  be  increased  about  $760,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production. 

3.  Community  income  would  be  increased  an  average  of  $2,500,000  annually 
because  of  increased  employment  and  business  generated  by  project 
installation  and  project  output. 

k.      Community  income  would  be  stabilized  by  more  dependable  agricultural 
production. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide  an  average 
annual  of  10  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  65  seasonal  onfarm  jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional  35 
full  time  jobs  in  the  agribusiness  industry  of  the  region. 

k.      Producing  the  increased  agricultural  output  of  the  project  will  more 
efficiently  utilize  the  presently  underemployed  labor  resources 
committed  to  ranches  in  the  project  area. 

C.  Life,  Health,  and  Safety 

1.  Increased  income  would  allow  beneficiaries  to  more  actively  participate 
in  social,  cultural,  recreational,  and  community  activities  of  the 
region. 

2.  Recreational  activities  related  to  wildlife  will  be  more  available 
to  residents  and  visitors  of  the  area. 

Environmental  Quality  Account 

A.  After  initial  drainage,  return  flows  should  contain  lower  concentrations 
of  sol uble  sal ts. 

B.  About  6,000  acres  of  wet  pasture  will  become  available  for  cultivation. 
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LOWER  SHELL  CREEK 

SUMMARY 

The  construction  of  two  proposed  irrigation  water  storage  dams  in  the  lower 
Shell  Creek  area  will  provide  supplemental  water  supplies  for  660  acres  of  irri- 
gated land  in  the  Beaver  Creek-Red  Canyon  Creek  area  and  for  1,280  acres  of 
irrigated  land  below  the  Shell  Canal  extension. 

Primary  irrigation  benefit  from  the  improved  water  supply  to  the  1,9^0  acres  is 
estimated  to  be  an  average  of  $71,800  annually.   Estimated  annual  cost  of  struc- 
tural measures  is  $^9,800. 

The  project  will  result  in  the  depletion  of  an  additional  2,000  acre-feet  of 
water  annua  1 1 y . 

LOCATION  AND  DESCRIPTION 

The  Lower  Shell  Creek  Watershed  is  located  in  Big  Horn  County,  Wyoming,  in  the 
northeast  part  of  the  Bighorn  Basin.   The  watershed  has  a  total  area  of  320 
square  miles  and  consists  of  Lower  Shell  Creek  and  its  tributaries  from  the 
town  of  Shell  to  its  confluence  with  the  Bighorn  River  near  Greybull.   Shell 
Creek,  a  major  tributary  of  the  Bighorn  River,  flows  westward  from  the  Big  Horn 
Mountains.   An  area   of  about  270  square  miles,  the  upper  Shell  Creek,  drains 
into  the  described  watershed. 

Horse  Creek  and  Beaver  Creek,  the  two  major  tributaries  of  Lower  Shell  Creek, 
are  perennial  streams  entering  from  the  north  with  their  origins  in  the  Big  Horn 
Mountains.   The  remaining  tributaries  are  ephemeral. 

Elevations  within  the  watershed  vary  from  about  3,900  feet  where  Shell  Creek 
enters  the  Bighorn  River  to  about  10,1 60  feet  at  the  headwaters  of  Beaver  Creek 
in  the  Big  Horn  Mountains.   Average  annual  precipitation  varies  from  about  8 
inches  in  the  lower  watershed  to  over  30  inches  in  the  Big  Horn  Mountains.   About 
10  percent  of  the  watershed  is  forested;  5  percent  is  irrigated  farmland;  and 
the  remaining  85  percent  is  rangeland.   Most  of  the  forested  land  lies  within 
the  Big  Horn  National  Forest,  and  most  of  the  rangeland  is  under  the  jurisdic- 
tion of  the  Bureau  of  Land  Management.   Lands  within  the  watershed  are  owned  and 
managed  as  follows: 


Pr  i vate 

133 

State 

h% 

Forest  Service 

\3% 

Bureau  of  Land  Management 

t>k% 

The  towns  of  Greybull,  population  1,953,  on  the  Bighorn  River  near  the  mouth  of 
Shell  Creek  and  Shell,  population  50,  provide  services  to  the  farm  and  ranch 
commun  i  ty . 

I rr i gat  ion~ 

There  are  about  ^5  operating  farm  and  ranch  units  in  the  watershed  engaged  in 
the  production  of  livestock  and  irrigated  crops  including  hay,  grain,  silage, 
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and  sugar  beets.   There  are  5^7  acres  of  irrigated  land  on  Horse  Creek,  1,886 
acres  on  Beaver  Creek,  and  7,292  on  Shell  Creek. 

Most  of  the  lands  on  Beaver  Creek  and  Horse  Creek  are  served  by  individual 
diversions  while  the  Shell  Creek  lands  are  served  by  group  canals.  The  longest 
of  these — the  Shell  Canal — delivers  water  to  almost  k, 000  acres  south  of  Shell 
Creek  along  its  3^-mile  length. 

Estimated  net  irrigation  requirement  for  locally  grown  crops  is  about  23  inches 
per  year.  ' 

PROBLEMS  AND  NEEDS 

Land  Treatment 

Condition  class  of  the  lower  elevation  rangelands  is  only  fair.   Gradual  range 
improvement  to  good  condition  occurs  as  the  elevation  of  the  watershed  increases. 
Improvement  of  the  vegetative  cover  is  needed  to  reduce  erosion  and  sedimenta- 
tion, increase  grazing  capacity  for  livestock,  and  improve  wildlife  habitat. 

Floodwater 

Floods  on  the  Shell  Creek  tributaries  are    infrequent  and  cause  only  minor  damages, 
Some  flooding  occurs  nearly  every  year  along  the  main  stem  of  Shell  Creek.   Even 
though  the  floods  are  frequent,  monetary  damages  from  inundation  by  floodwaters 
is  relatively  low  and  restricted  primarily  to  some  properties  in  the  town  of  Shell 
and  to  agricultural  properties. 

Agricultural  Water  Management 

The  most  serious  water-related  problem  in  the  watershed  is  the  lack  of  early 
spring  and  fall  irrigation  water  on  lands  for  which  no  supplemental  water  is 
stored.   Irrigation  water  dependent  on  snowmelt  from  the  high  mountain  areas  is 
not  available  until  early  June  and  is  depleted  by  mid-July.   Consequently,  crop 
yields  are  below  that  which  could  be  produced.   Hay,  for  example,  yields  about 
two  ton  less  than  what  could  be  produced  with  a  full  water  supply. 

Lands  which  are  affected  in  this  manner  are  located  along  Horse  Creek,  Beaver 
Creek,  and  the  lower  extension  of  the  Shell  Canal.   Problems  associated  with 
each  of  these  areas  are  as  follows: 

Horse  Creek  -  There  are  5^7  acres  of  irrigated  land  on  Horse  Creek,  all  of  which 
are  short  of  water  during  the  early  spring  and  fall.   They  are   farmed  by  four 
different  operators.   There  are  another  150  acres  which  are  irrigated  only  about 
one  in  five  years  when  water  supplies  are  well  above  average.   Water  shortages 
are  caused,  in  part,  by  losses  in  the  creek  channels. 

Beaver  Creek  -  There  are  eight  operators  on  Beaver  Creek  who  farm  1,886  acres  of 
irrigated  land.   About  660  of  those  acres  are  short  of  water  in  the  early  spring 
and  fall.   Other  lands  are  either  located  in  the  upper  reaches  with  early  water 
rights  or  have  supplemental  storage  in  the  Leavitt  reservoir. 
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Shell  Canal  -  There  are  about  7,290  acres  of  land  irrigated  out  of  the  Shell 
Canal.   About  1,280  acres  of  late  water  right  land  are  serviced  out  of  the  Shell 
Canal  extension.   Water  shortages  occur  to  these  lands  in  the  early  spring  and 
late  fall. 

Water  is  plentiful  during  the  late  spring  and  early  summer,  but  sufficient  flows 
t©  raee-fc— r-«qu  ixements  are  lacking  during  most  of  the  irrigation  season.   The  aver- 
age annual  yield  of  Shell  Creek  and  tributaries  is  about  100,000  acre-feet,  far 
in  excess  of  the  irrigation  requirements.   Good  storage  sites  are  scarce  because 
of  geologic  and  topographic  conditions.   Many  of~th~e  "potent  ial  storage  sites 
studied  in  the  past  are  located  in  the  National  Forest  in  the  Big  Horn  Mountains. 
Cost  of  developing  these  sites  may  be  prohibitive  due  to  their  inaccessibility 
and  the  scarcity  of  construction  materials  in  the  vicinity.   Increasingly,  these 
sites  are  becoming  less  acceptable  with  the  recent  emphasis  on  the  preservation 
of  the  environment. 

Groundwater  is  available  throughout  much  of  the  watershed,  but  quantities  re- 
quired for  irrigation  use  would  require  deep  wells. 

PROJECT  PROPOSAL 

Two  irrigation  water  storage  reservoirs  in  the  lower  Shell  Creek  area  will  pro- 
vide supplemental  water  to  660  irrigated  acres  in  the  Beaver  Creek  area  and  to 
1,280  irrigated  acres  under  the  Shell  Canal  Extension. 

Eng  i  neer  i  ng 

Beaver  Creek  -  The  irrigation  reservoir  site  is  located  in  the  Coyote  Basin  area 
between  Beaver  Creek  and  Red  Canyon  Creek.   The  off-channel  site  is  on  an  un- 
named draw  in  section  30,  T.  5^  N.,  R.  91  W.   A  60-foot  high  embankment  will 
store  1,270  acre-feet  of  irrigation  water.   A  diversion  and  canal  from  Beaver 
Creek  will  be  used  to  fill  the  reservoir  during  periods  of  excess  flow  on  Beaver 
Creek.   Water  for  irrigation  would  be  released  into  the  draw  for  conveyance  back 
to  Beaver  Creek  as  needed. 

Shell  Canal  -  The  irrigation  storage  site  is  located  in  the  Poverty  Flats  area 
below  the  Shell  Canal.   The  damsite  is  in  Scharen  Draw  in  section  17,  T.  52  N. , 
R.  92  W.   An  embankment  kO   feet  high  will  store  2,000  acre-feet  of  irrigation 
water.   The  site  has  no  appreciable  yield  from  its  drainage  area  and, will  be 
filled  by  releases  from  the  Shell  Canal  during  the  irrigation  off-season.  Several 
new  systems  of  ditches  will  be  needed  to  convey  the  water  from  the  reservoir  to 
the  currently  irrigated  lands. 

Structural  data  is  shown  in  Tables  1  and  2. 

The  estimated  construction  cost  of  the  Shell  Canal  dam  is  $266,600.   Estimated 
annual  operation  and  maintenance  cost  is  $2,000. 

Estimated  construction  costs  for  Beaver  Creek  structural  measures  are: 

Dam  $27*4,500 

Canal  8,000 


Diversion       30,000 
Total      $312,500 
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Estimated  annual  operation  and  maintenance  costs  for  the  Beaver  Creek  structural 
measures  are: 

Dam  $1,900 

Canal  200 

Diversion        300 

Total      $2,400 

Estimated  installation  costs  and  annual  costs  of  structural  measures  are  shown 
in  Tables  3  and  4. 

Rehabilitation  of  delivery  systems  is  needed  to  insure  efficient  irrigation 
water  delivery.   Improved  water  management  and  on-farm  systems  are  needed.   Con- 
veyance of  water  from  the  Shell  Canal  Reservoir  to  existing  fields  was  evaluated 
as  on-farm  measures. 

The  cropping  pattern  on  land  for  which  water  will  be  stored  is  expected  to  be 
about  as  it  is  at  present.   Application  of  water  will  be  mainly  by  surface 
methods . 

Soi  Is 


The  soils  in  the  area  benefitted  by  the  Beaver  Creek  Reservoir  are  generally 
deep  with  available  water-holding  capacity  in  the  range  of  1.4  inches  per  foot 
to  2.0  inches  per  foot  of  depth.   Intake  rates  are  in  the  1.0  and  1.5  family 
grouping.   Representative  soil  series  are  Havig  and  Lostwells. 

Soil  in  the  area  to  be  served  by  the  Shell  Canal  Reservoir  is  generally  deep. 
Intake  rates  range  from  the  0.5  to  1.5  family  grouping.   Available  water-hole i ng 
capacity  is  in  the  range  of  1.4  to  2.0  inches  per  foot  depth.   Predominant  soils 
are  of  the  Lostwells,  Sayles,  and  Youngston  series.   A  small  area  is  in  the 
shallow  Persayo  series. 

Brief  profile  descriptions  of  the  identified  series  follow: 

Havig  -  Moderately  well  drained  soils  formed  in  alluvium.   The  surface  layer  is 
clay  loam  about  6  inches  thick.   The  underlying  layer  is  stratified  loam  to  60 
inches  or  more. 

Lostwells  -  The  surface  layer  is  sandy  clay  loam  about  10  inches  thick.   The 
underlying  material  is  sandy  clay  loam  stratified  with  thin  lenses  of  sandy  loam 
and  clay  loam  to  a  depth  of  60  inches  or  more.   The  soil  is  moderately  alkaline 
and  calcareous  throughout. 

Sayles  -  The  profile  is  clay  to  60  inches.   The  soils  are  mildly  or  moderately 
al kal ine. 

Youngston  -  The  surface  layer  is  clay  loam  about  8  inches  thick.   The  underlying 

material  is  clay  loam  stratified  with  thin  lenses  of  sandy  clay  loam,  silty  clay 

loam,  and  sandy  loam  to  a  depth  of  60  inches  or  more.   The  soil  is  moderately 
alkaline  and  calcareous  throughout. 
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Persayo  -  A  well  drained  sandy  clay  loam  about  1 k  inches  thick  that  is  underlain 
by  soft  shale.  The  soil  material  is  moderately  alkaline  and  calcareous  through- 
out.  Permeability  is  moderately  slow.   Available  water  capacity  is  very  low. 

Hydrology 

Stream  flow  in  Shell  Creek  is  gaged  at  a  location  above  the  town  of  Shell  and 
above  the  Shell  Canal  diversion.   Flows  recorded  during  the  period  1 9^*  1-1970 
are  tabulated  below. 


Month: 


(1 ,000  Acre  Feet) 
Oct.  Nov.  Dec.  Jan.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sept 


Mi  n  imum 

2.2 

1.9 

1.8 

1.7 

1.5 

1.6 

1.7 

5-7 

9-7 

h.2 

3.6 

2.1 

Mean 

3.5 

2.8 

2.6 

2.3 

2.0 

2.  1 

3.0 

16.7 

30.0 

10.2 

5.6 

k.  2 

Maximum 

5.9 

A. 5 

3-7 

3.0 

2.5 

3.0 

7. A 

26.9 

58.9 

19-0 

8.3 

8.0 

80%  Chance 

2.  1 

10.0 

18.0 

5.8 

^.5 

2.9 

Two  irrigation  storage  reservoirs  in  the  Big  Horn  Mountains  having  a  total 
capacity  of  5,000  acre-feet  are  used  for  late  season  irrigation.   Seasonal  dis- 
tribution at  the  gaging  station  is  influenced  by  irrigation  storage  and  release. 

No  stream  flow  records  are  available  for  tributary  streams.   A  regional  analysis 
was  used  to  estimate  the  water  yields  from  Beaver  Creek.   The  estimated  average 
annual  yield  of  Beaver  Creek  is  17,600  acre-feet;  the  estimated  80  percent  chance 
yield  is  13,600  acre-feet.   Estimated  monthly  distribution  is  tabulated  below. 


(Acre-Feet) 


Month 


Apr  i  1 

May 

June 

July 

Aug. 

Sept. 

Average  Annual 

6A0 

3,^70 

6,200 

2,100 

1  ,100 

880 

80%  Chance 

^90 

2,680 

k,  800 

1,630 

880 

680 

The  water  in  Shell  Creek  near  Shell  is  of  good  quality  and  suitable  for  irriga- 
tion.  Wyoming  Water  Planning  Program  Report  No.  11,  October  1972,  reports 
average  total  dissolved  solids  at  Shell  Creek  near  Greybull  to  be  6^5  ppm. 
There  is  no  data  available  on  the  water  quality  of  Beaver  Creek.   However,  from 
the  history  of  irrigation  in  the  area  the  water  is  judged  to  be  suitable  for 
i  rr  igat  ion. 

There  is  enough  flow  in  Shell  Creek  during  the  non i rr igat i ng  season  to  fill  the 
2,000  acre-foot  Shell  Canal  Reservoir  each  year.   The  storage  will  provide  an 
adequate  supplemental  supply  for  1 ,280  acres  below  the  Shell  Creek  Canal  exten- 
sion at  least  8  years  out  of  10. 

The  estimated  80  percent  chance  yield  of  Beaver  Creek  is  large  enough  in  June 
to  fill  the  1,270  acre-foot  reservoir  in  Coyote  Basin.   The  1,270  acre-foot 
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storage  is  adequate  to  provide  the  supplemental  supply  needed  by  the  660  water- 
short  acres  in  8  out  of  10  years. 

Operation  of  the  two  planned  reservoirs  will  result  in  the  diversion  from  natural 
streams  of  an  additional  3,000  acre-feet  per  year.   Overall  efficiency  with  use 
of  return  flows  is  estimated  to  be  near  50  percent.   Estimated  increased  annual 
consumptive  use  by  crops  is  1,500  acre-feet.   The  estimated  increase  in  average 
annual  water  depletion  is  about  2,000  acre-feet. 

Economics 

The  planned  structural  measures  will  provide  the  needed  supplemental  water  sup- 
plies to  the  660  acres  of  water-short  land  in  the  Beaver  Creek-Red  Canyon  Creek 
area  and  supplemental  water  supplies  to  the  1,280  acres  of  water-short  land 
below  the  Shell  Canal  extension. 

Estimated  average  annual  primary  benefits  attributed  to  structural  measures  are 
$71,800.  Estimated  annual  cost  is  $^9,800.  A  comparison  of  benefits  and  costs 
for  structural  measure  is  shown  in  Table  5. 
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DISPLAY  OF  ACCOUNTS 


National  Economic  Development  Account 


Beneficial  effects 

I  rr igat  ion 

Externa  14-t-i  es 
Total  beneficial  effects 
(Annual  equivalent  value) 

Adverse  effects 

Instal lat ion  cost 
Annual  OM&R 

Total  annual  cost 


$71,800 

9,300 

$81 ,100 


$45,^00 
$49,800 


Net  beneficial  effect  $31,300 

Regional  Development  Account 


Reg  ion 


Beneficial  effects 
User  benefits 
I rr igat  ion 

Regional  benefits 
Employment  impact!/ 
Induced  and  stemming  fromr/ 
External i  t  ies 
Total  beneficial  effects 
(Annual  equivalent  value) 

Adverse  effects 

Investment 

0M&R 

External i  ties—' 
Total  adverse  effects 
(Annual  equivalent  value) 

Net  beneficial  effect 


$  71,800 


$239,800 


$  18,9001/ 
4,400 
600 
$  23,900 


$215,900 


Adjacent 
Reg  ion 


-0- 


15,100 

143,600 

-0- 

9,300 

-0- 

J/Amortized  construction  cost  x  .30  +  0M&R 

2/ I rr igat ion  benefits  x  2.0 

^/Sponsor's  share  of  amortized  costs 

4/Land  rights  cost  amortized  @  6  1/8%  interest  for  100  Yrs, 


Rest  of 
Nat  ion 


■0- 

•0- 


$25,900 
$25,900 
$25,900 
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Social  Well-Being  Account: 

A.  Income 

1.  Net  ranch  income  will  increase  about  $57iOOO  annually. 

2.  Ranch  income  will  be  stabilized  because  of  increased  and  more  reliable 
crop  production. 

3.  Community  income  will  increase  an  average  of  about  $215,000  annually 
because  of  increased  employment  and  business  generated  by  project 
installation  and  project  output. 

^4.  Community  income  would  be  stabilized  by  more  dependable  agricultural 
product  ion. 

B.  Employment 

1.  Project  installation,  operation,  and  maintenance  will  provide  an  aver- 
age annual  of  two  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  six 
additional  seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional  three 
full  time  jobs  in  the  agribusiness  industry  of  the  region. 

h.  Producing  the  increased  agricultural  output  of  the  project  will  more 
efficiently  utilize  the  presently  underemployed  labor  resources  com- 
mitted to  ranches  in  the  project  area. 

C.  Life,  Health,  and  Safety 

1.   Increased  income  would  allow  beneficiaries  to  participate  more  actively 
in  social,  cultural,  recreational,  and  community  activities  of  the 
reg  ion. 

Environmental  Account: 

1.  Irrigation  water  storage  would  provide  habitat  for  waterfowl  at  two  ponds 
with  a  total  surface  area  of  about  150  acres  each  spring. 

2.  Late  season  irrigation  water  use  would  increase  the  amount  and  duration 
of  green  forage  use  by  wildlife. 

3.  Improved  irrigation  water  supply  and  irrigation  water  management  would 
reduce  erosion  on  irrigated  cropland. 

k.      Development  of  irrigation  water  would  commit  about  150  acres  of  rangeland 
to  a  water  storage  use. 

5.   Erosion  during  construction  and  revegetation  would  be  increased  on  about 
100  acres. 
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NOWOOD  RIVER 

SUMMARY 

An  18,000  acre-foot  multipurpose  storage  structure  on  the  Nowood  River 
above  Big  Trails  will  provide  an  80  percent  chance  full  season  supply  of 
irrigation  water  to  3,000  acres  of  presently  non-irrigated  agricultural  land 
in  Washakie  and  Big  Horn  Counties,  provide  flood  protection  to  agricultural 
land,  and  reduce  streambank  erosion  in  the  Nowood  River. 

The  reservoir  will  inundate  about  1 60  acres  of  irrigation  land.   Estimated 
increased  water  depletion  is  7,000  acre-feet  per  year. 

Estimated  average  annual  primary  benefits  are  $78,200  from  irrigation,  and 
$^+3,500  from  damage  reduction.   Estimated  installation  cost  is  $1,018,000. 

LOCATION  AND  DESCRIPTION 

The  Nowood  River  rises  in  Natrona,  Fremont,  and  Hot  Springs  Counties,  flows 
north  along  the  Bighorn  Mountains  through  Washakie  County  and  northwest 
through  Big  Horn  County  to  the  Bighorn  River  near  the  Town  of  Manderson. 
Total  drainage  area  is  about  2,000  square  miles.   Among  the  principal 
tributaries  are  Tensleep  Creek  and  Paintrock  Creek,  which  flow  from  the 
Bighorn  Mountains. 

Elevations  range  from  about  13,000  feet  on  the  Bighorn  Mountains  to  ^+,000 

feet  at  the  mouth  of  the  river.  Mean  annual  precipitation  is  about  7 

inches  in  the  lower  end  of  the  drainage  and  exceeds  k   feet  in  the  mountains. 

About  27  percent  of  the  area  is  privately  owned;  16  percent  is  within  the 
national  forests;  about  one-half  is  administered  by  the  Bureau  of  Land 
Management.   The  primary  economic  activity  in  the  area  is  cattle  and  sheep 
ranching.   There  are  about  130  farm  and  ranch  units  operating  in  the 
drainage  area.   About  20,000  acres  are  irrigated  for  feed  production. 

The  mountain  area  meets  a  large  demand  for  recreation.   Opportunities  exist 
for  development  for  much  more  recreational  use.   A  pole  treating  plant 
is  in  operation  at  Manderson  and  oil  production  occurs  in  the  area. 

Irrigated  Land 

Nearly  half  of  the  irrigated  land  lies  along  the  tributaries  to  Nowood 
River.   About  10,000  acres  are  scattered  along  a  narrow  line  following  the 
main  stem  from  Big  Trails  to  Manderson  at  elevations  of  5,000  to  U,000 
feet.   Irrigation  is  practiced  primarily  for  production  of  hay,  pasture,  and 
feed  grain.   Average  net  irrigation  requirement  along  the  Nowood  Valley  for 
locally  grown  crops  is  about  21  inches  per  season. 

PROBLEMS  AND  NEEDS 

F loodwater 

The  primary  water  related  problem  in  the  drainage  area  is  floodwater  and 
related  damage.   Some  flood  damages  occur  almost  every  year.   Damages  in 
the  Nowood  River  above  Manderson  are  primarily  to  agricultural  property. 
Floodwater  damage  in  the  Town  of  Manderson  is  attributed  to  the  Nowood 
River  as  well  as  to  the  Bighorn  River. 
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Eros  ion 

Streambank  erosion  damages  and  destroys  arable  land,  canals,  bridges  and 
other  works  of  improvement  along  the  Nowood  River.   About  8  acres  of  crop- 
land is  lost  annually  to  streambank  erosion.   Less  severe  bank  erosion 
occurs  along  the  lower  reaches  of  the  tributaries. 

Sed  iment 

ediment  originating  in  the  drainage  area  damages  agricultural  land, 
.tructures,  and  canals.   Sediment  deposition  in  the  Bighorn  River  causes 
aggradation  and  deterioration  of  the  water  quality  downstream. 

Agricultural  Water  Management 

Most  of  the  irrigated  land  appears  to  have  an  adequate  water  supply  except 
in  unusually  dry  years.   Annual  shortages  occur  along  some  smaller  trib- 
utaries and  in  the  upper  reaches  of  the  Nowood  River.   Some  of  the  earlier 
studies  have  identified  water  short  areas  on  the  major  tributaries  but 
interviews  with  local  people  fail  to  support  the  need  for  supplemental 
water . 

The  development  of  additional  irrigated  acres  would  be  desirable  to  support 
the  ranching  operations.   Increased  forage  production  through  irrigation 
would  permit  the  reduction  of  the  use  of  grazing  land,  thereby  improving 
range  condition  and  reducing  runoff,  erosion  and  sediment  yield.   Water 
is  available  for  additional  irrigation  but  storage  sites  are  limited. 
Irrigable  land  is  available  near  the  water  supply. 

PROJECT  PROPOSAL 

The  USDA  Type  IV  study  of  197*+  identified  three  feasible  projects  for  the 
Nowood  River  area:   (1)  A  system  of  dikes  and  levees  to  protect  the  Town 
of  Manderson;  (2)  An  extensive  program  of  streambank  stabilization  along 
the  agricultural  lands;  and,  (3)  A  multipurpose  floodwater  retarding  - 
irrigation  storage  reservoir  on  the  Nowood  River  near  Big  Trails.   Each 
of  the  project  proposals  could  be  developed  independently  to  treat  one 
of  the  identified  problems. 

Development  of  the  multipurpose  reservoir  will  provide  for  some  of  the 
,  n~eeded  irrigation.   This  is  the  project  that  is  evaluated  here.   Con- 
/  struction  of  a  dam  on  Nowood  River  above  Big  Trails  will  provide  enough 
storage  to  supplement  direct  flows  to  irrigate  3,000  acres  of  dry  range- 

i land  along  the  river.   The  large  drainage  area  and  spillway  requirement 

make  it  desirable  to  incorporate  some  provision  for  floodwater  control 
in  the  structure.  The  structure  will  be  effective  in  reducing  damages 
in  the  area  identified  for  streambank  stabilization. 

Engineer  ing 

The  dam  will  be  located  in  section  6,  T.U3N.,  R.87W.  ,  about  3  miles 
southwest  of  Big  Trails.   An  earth  dam  95  feet  high  will  create  a  reservoir 
wjth  a  capacity  of  5,500  acre-feet  for  sediment,  6,000  acre-feet  for 
Irrigation  water,  and  7,000  acre-feet  for  floodwater.   Flows  in  excess 
of  irrigation  storage  capacity  will  be  discharged  by  a  chute  spillway  or 
monolithic  conduit  with  a  peak  outflow  of  1,000  cfs.   An  emergency 
■  sjjjhl  IwafJ  4ug  in  a  rock  saddle  beyond  the  left  abutment  would  protect  the 


structure  from  floods  in  excess  of  the  2  percent  chance  level. 

The  irrigation  pool  will  have  a  surface  area  of  390  acres.   About  550  acres 
will  be  inundated  at  flood  stage. 

Irrigation  water  will  be  released  into  the  Nowood  River  as  needed  and 
diverted  at  various  points  downstream. 

Dam  and  reservoir  data  are  shown  in  tables  1  and  2. 

Construction  cost  of  the  multipurpose  dam  is  estimated  to  be  $731,700. 
Estimated  annual  operation  and  maintenance  cost  is  $5,500.   Estimated 
installation  cost,  annual  cost,  and  cost  allocation  to  purpose  are  shown 
on  tables  3,  h,    and  5. 

Cost  associated  with  the  diversion  and  delivery  of  irrigation  water  to 

the  land  are  not  included  in  the  structural  cost  estimate,  but  are  evaluated 

-in  the  crop  budget  analysis. 

The  land  to  be  irrigated  includes  both  native  range  and  formerly  irrigated 
fields  on  which  irrigation  systems  were  abandoned  because  of  water  shortage, 
drainage  problems,  or  flood  damage.   Improved  water  supply,  better  irrigation 
systems,  and  land  treatment  can  make  abandoned  lands  productive.   Land  not 
previously  irrigated  is  located  above  the  floodplain  and  is  best  reached  by 
pumpi  ng. 

About  one-half  of  the  approximately  3,000  acres  to  be  irrigated  is  in  the 
Manderson  and  Bonanza  areas  proposed  in  the  Bureau  of  Reclamation's 
Paintrock  Unit.   The  other  areas  are  scattered  along  the  Nowood  River  from 
Big  Trails  to  Manderson. 

Application  of  water  will  be  by  surface  method  on  nearly  all  of  the  new  land. 
A  small  part,  estimated  to  be  10  percent  of  the  total,  will  be  irrigated 
by  sprinklers.   Crops  grown  will  be  primarily  feed  for  livestock. 

Soils 

Soils  in  the  proposed  irrigation  area  are  deep.   Textures  vary  from  clay 
to  sandy  loam.   Intake  rates  are  grouped  in  the  0.5  to  1.5  families. 
Available  water  holding  capacities  range  from  2.0  inches  per  foot  depth  to 
\ .h    inches  per  foot  depth  within  the  root  zones.   Predominant  soil  series 
are  Dobent,  Havig,  Lostwells,  Neville,  Stutzman  and  Youngston.   A  brief 
profile  of  each  of  the  identified  soil  series  follows: 

Dobent:   Somewhat  poorly  drained  soils  formed  in  alluvium.   The  profile  is 
stratified  loam  to  60  inches.   Moderately  permeable  soil  with 
moderate  to  high  water  holding  capacity. 

Havig:   Moderately  well  drained  soils  formed  in  alluvium.   The  surface 

layer  is  clay  loam  about  6  inches  thick.   The  underlying  layer  is 
stratified  loam  to  60  inches  or  more. 

Lostwells:   The  surface  layer  is  sandy  clay  loam  about  10  inches  thick.   The 
underlying  material  is  sandy  clay  loam  stratified  with  thin 
lenses  of  sandy  loam  and  clay  loam  to  a  depth  of  60  inches  or 
more.   The  soil  is  moderately  alkaline  and  calcareous  thriuj|SbuJ:. 


Nev  i 1 1 e : 


Stutzman: 


Youngs  ton: 


Fine-loamy  soils,  typically  fine  sandy  loam  about  10  inches  thick 
underlain  by  loam  to  60  inches  or  more.  Very  friable,  calcareous 
and  moderately  alkaline. 

Well  drained  soils  formed  on  alluvial  fans  and  terraces.   Texture 
is  silty  clay  loam  to  a  depth  of  60  inches.   Permeability  is 
moderately  slow.   Moderate  water  holding  capacity. 

The  surface  layer  is  clay  loam  about  8  inches  thick.   The 
underlying  material  is  clay  loam  stratified  with  thin  lenses  of 
sandy  clay  loam,  silty  clay  loam  and  sandy  loam  to  a  depth  of 
60  inches  or  more.   The  soil  is  moderately  alkaline  and  calcareous 
throughout. 


Hydrology 

Stream  flow  in  the  Nowood  River  near  the  upper  end  of  the  irrigated  area 
was  estimated  from  10-year  records  for  the  station  Nowood  River  near 
Tensleep,  and  is  shown  below  in  acre-feet  by  months. 


Chance 
of 
Occurence 

MON" 

rHS 

Oct. 

Nov. 

Dec. 

Jan, 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Average 

1  ,660 

1,580 

1,450 

1  ,680 

1  ,420 

3,540 

i+,2i+0 

8,260 

3,030 

590 

647 

1,090 

80% 

1,500 

1  ,400 

1,300 

1  ,400 

1,300 

3,000 

2,600 

4,200 

1  ,800 

400 

400 

800 

Water  yields  on  the  tributary  streams  and  in  the  Nowood  River  appear  to  be 
nearly  adeguate  to  supply  the  present  irrigation  demands  without  additional 
storage. 

The  following  diversion  reguirement  was  determined  from  net  irrigation 
reguirements  and  an  overall  efficiency  of  35  percent. 


Month- 


May 


Diversion  Reguirement--  0.62 
(acre-feet  per  acre) 


June 
0.94 


July 
1.54 


Aug. 
1  .28 


Sep. 
0.62 


Instream  flows  are  available  to  meet  all  but  2  feet  of  the  diversion  demand 
for  the  proposed  3,000  acres  of  new  irrigation.   Six  thousand  acre-feet 
of  stored  water  are  therefore  needed  for  the  project.   An  adeguate  supply  of 
water  is  available  at  the  dam  site  at  least  8  years  out  of  10  to  fill  the 
planned  6,000  acre-foot  reservoir  during  periods  of  flood  flow. 

The  estimated  increase  in  consumptive  use  by  crops  is  5,000  acre-feet 
(eguivalent  to  about  1.7  acre-feet  per  acre)  per  year.   The  increased  total 
water  depletion  with  project  is  estimated  to  be  7,000  acre-feet  per  year. 

Water  is  of  suitable  guality  for  irrigation.   Water  quality  monitoring 
stations  are,  located  on  the  Nowood  River  near  Tensleep  and  near  Manderson. 
The  Wyoming  Water  Planning  Program  Report  No.  11,  October  1972,  indicates 
the  average  TDS  at  Manderson  to  be  470  p. p.m.   Salinity  hazard  may  be  high 
in_p^i4<§is  of  lowest  flow  rate. 


Economi  cs 

Operation  of  the  multiple  purpose  structure  will  have  a  big  impact  on  the 
flood  problem  on  the  Nowood  River  above  Paintrock  Creek.   There  will  be 
less  effect  below  Paintrock  Creek  because  of  the  large  uncontrolled  area 
below  the  structure.   The  scope  of  the  streambank  stabilization  project 
identified  in  the  USDA  Type  IV  Study  will  be  reduced  by  about  25  percent. 

The  estimated  with  and  without  project  flows  and  acres  flooded  are   shown 
bel ow: 


Jerzent    Chance 

Without    1 

'roject 

With    Project 

Flews 

-crez 

F!  ows 

Acr-s 

Event    and    Stream   Reach 

Cf  5 

r  1  joced 

;f  5 

r"  -  :ded 

10   percent    (similar    to    1970) 

Above   Tensleep 

2,000 

2<45 

1,700 

80 

Tensleep    to   Paintrock 

3,900 

636 

3,650 

*+20 

Paintrock    to  Manderson 

5,100 

t+70 

5,000 

i+00 

2    percent 

Above    Tensleep 

3,300 

1,^00 

2,600 

850 

Tensleep    to    Paintrock 

5,^00 

2,250 

*t,950 

1,650 

Paintrock    to   Manderson 

6,300 

1,650 

6,000 

1,**50 

1    percent 

Above    Tensleep 

3,950 

1,570 

3,000 

1,220 

Tensleep    to    Paintrock 

6,000 

2,^90 

5,350 

2,180 

Paintrock    to   Manderson 

6,700 

1,8*40 

6,^00 

1,700 

The  estimated  average  annual  primary  benefits  from  damage  reduction  are 
$*+3,500. 

About  100  acres  of  irrigated  land  will  be  inundated  by  the  irrigation  pool 
or  frequently  occurring  flood  event.   Another  60  acres  of  ex i st i ng  i rr i gated 
land  will  be  flooded  on  a  lesser  frequency.   About  3,000  acres  of  non-irri- 
gated land  will  be  developed  for  irrigation  to  produce  feed  crops.   The 
estimated  average  annual  primary  benefits  from  irrigation  of  3,000  acres 
is  $78,200. 

Comparison  of  benefits  and  costs  for  structural  measures  is  shown  in  table  6, 
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-TABLE  3  ESTIMATED  STRUCTURAL  COST 


Amount 

Estimated 

Item 

Unit 

PI anned 

Total  Cost 

(Dollars)  V 

Multiple-Purpose  Structure 

Ea. 

1 

Construct  ion 

731,700 

Engineering  Services 

87,800 

Project  Administration 

128,000 

Land,  Easements,  and  R.  W. 

70,500 

Inst  al  1  a'tion  Cost 

1,018, (TOO 

\J   Price  Base  1975 


TABLE  k   ANNUAL  COST 
(Dollars)  l/ 


Eval uat ion 
Unit 


Amortization   of      2/ 
Instfll  lflt.inn  Crist 


Operation  and 
Maintenance  Cost 


Total 


Mul t ipl e-purpose 
Structure 


5^,650 


5,500 


60,150 


Project  Admi  ni  s- 
t rat  ion 


7,850 


7,850 


Total 


62,500 


5,500 


68,000 


\J   Price  Base  1975 

2/  Amortized  100  yrs.  (?)  6  l/8  percent 


TABLE  5  COST  ALLOCATION  TO  PURPOSE 


I  tern 

COST  ALLOCATION 

Purpose 

Flood 
Prevention 

Irrig. 

Total  " 

Mu 1 t  i p 1 e- 
Purpose 
Structure 
..  ...     ti 

■4466,750 

^23,250 

890,0001/ 

\J      Does  not  include  project  administration 
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DISPLAY  OF  ACCOUNTS 

National  Economic  Development  Account 

Beneficial  effects 

Damage  reduction  $  43,500 

Irrigation  78,200 

Externalities  30,400 

Total  beneficial  effects  $152,100 

(annual  equivalent  value) 

Adverse  effects 

Instal lation  costs  $62,500 

Annual  0M&R  5,500 

Total  annual  cost  $68,000 

Net  beneficial  effects  $84,100 

Adjacent     Rest  of 
Regional  Development  Account  Reg  ion      Reg  ion       Nat  ion 

Beneficial  effects 

User  benefits 

Damage  reduction  $  43,500       -0-         -0- 

Irrigation  78,200       -0-         -0- 

Regional  benefits 

Employment  impact  U  19,000        -0-  -0- 

Induced  and  stemming  from  2/  156,400        -0-  -0- 

External  ities  30.400       -0-         -0- 

Total  beneficial  effects  $327,500       -0-         -0- 

(annual  equivalent  value) 

Adverse  effects 

Investment 

0M&R 

External i  t  ies  4/ 

Total  adverse  effects 

(annual  equivalent  value) 

Net  beneficial  effects 

]_/  Amortized  construction  cost  x  30/,  +  0M&R 

2/  Irrigation  benefit  x  2.0 

3/  Sponsors  share  of  amortized  costs  less  land  rights 

4/  Land  rights  amortized  (5)  6  1/87  for  100  years 


$10,800 
5,500 
4,300 

V 

-0- 
-0- 

-0- 

$47,400 
-0- 
-0- 

$20,600 
$306,900 

-0- 

$47,400 
-$47,400 

-   >.,*53 


Social  Well -Being  Account 

A.  Income 

1.  Net  ranch  income  would  be  increased  about  $130,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production. 

3.  Community  income  would  be  increased  an  average  of  nearly  $310,000 
annually  because  of  increased  employment  and  business  generated 
by  project  installation  and  project  output. 

k.      Community  income  would  be  stabilized  by  more  dependable  agricul- 
tural production-. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide  an 
average  annual  of  2  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  7  seasonal  on  farm  jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional 
k   full  time  jobs  in  the  agribusiness  industry  of  the  region. 

*4.   Producing  the  increased  agricultural  output  of  the  project  will 

more  efficiently  utilize  the  presently  underemployed  labor  resources 
committed  to  ranches  in  the  project  area. 

C.  Life,  Health,  and  Safuty 

1.  Increased  income  would  allow  beneficiaries  to  more  actively 
participate  in  social,  cultural,  recreational  and  community  activities 
of  the  region. 

2.  Increased  irrigation  water  supply  would  serve  as  a  fire  fighting 
source  of  water. 

Environmental  Quality  Account 

A.  Irrigation  water  storage  would  provide  habitat  for  waterfowl  in  a 
permanent  sediment  pool  and  perimeter  area  of  about  500  acres. 

B.  Irrigation  water  storage  could  provide  habitat  for  fish.   A  5,500 
acre-foot  sediment  pool  can  be  used  for  fish.   Prolonged  flows  below 
the  reservoir  can  improve  the  stream  fishery. 

C.  Increased  irrigation  water  use  would  increase  the  amount  of  green  forage 
available  to  wildlife  .on  about  2,800  acres  of  cropland  and  an  additional 
area  of  incidental  vegetation. 

0.  A  reduction  in  streambank  erosion  and  an  improvement  in  water  quality 
will  result  from  floodwater  control. 

E.  Erosion  during  construction  and  revegetation  would  be  increased  on  about 
200  acres. 

F.  Changed  land  use  will  include  about  3,000  acres  from  rangeland  to  irri- 
gated land;  about  160  acres  of  irrigated  land  to  reservoir  use;  and 
about  300  acres  of  rangeland  to  reservoir  use. 
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SAGE  CREEK  -  PRYOR  MOUNTAIN 

SUMMARY 

A  1,300  acre-foot  irrigation  water  regulating  reservoir  near  the  end  of 
the  Frannie  Canal  will  aid  in  regulation  of  canal  flow,  and  delivery  of 
water  to  the  irrigated  area  of  the  Frannie  Division  of  the  Shoshone  Project. 
About  4,000  acres  of  irrigated  pasture  and  hayland  that  now  have  a  water 
shortage  during  periods  of  peak  use  will  have  a  full  water  supply  as  a 
result  of  storage. 

Effective  drainage  will  be  provided  for  852  acres  of  irrigated  land  by 
construction  of  about  14  miles  of  tile  drains. 

Estimated  average  annual  cost  for  improved  water  supply  measures  is  $63,800. 
Estimated  average  annual  cost  for  drainage  measures  is  $26,900.   Estimated 
average  annual  primary  benefits  from  combined  measures  is  $219,300.   Increased 
water  depletion  is  estimated  to  be  about  2,000  acre-feet  per  year. 


LOCATION  AND  DESCRIPTION 

The  project  area  is  a  generally  triangular  area  in  the  northwest  corner  of 
Big  Horn  County,  Wyoming,  lying  between  the  towns  of  Frannie,  Deaver,  and 
Cowl ey . 

The  major  agricultural  economic  activities  in  the  watershed  are  centered 
around  the  irrigated  cropland  areas.   Farmers  in  these  areas  concentrate 
on  raising  sugar  beets,  corn,  small  grains,  tame  hay,  and  irrigated  pasture, 
Ranching  operations  in  the  area  utilize  native  range  supplemented  by 
irrigated  hay,  grain,  and  silage  for  winter  feed. 

The  economies  of  the  small  towns  are  heavily  dependent  upon  the  agriculture 
sector  of  the  area.   Cowley,  Deaver,  and  Frannie  act  as  low  order  service 
centers  for  the  agricultural  economy.   Lovell,  which  is  just  outside  the 
project  area,  provides  a  higher  order  of  service  to  the  people  of  the  area. 
Sugar  beets  produced  in  the  watershed  are  processed  in  Lovell,  and  the 
majority  of  the  agricultural  commodities  produced  in  the  watershed  are 
marketed  i  n  Lovel 1 . 

Mineral  production  within  the  watershed  is  natural  gas,  oil,  bentonite, 
and  some  gravel . 


I rr 1  gat  ion 

The  upper  portion  of  the  irrigated  land  is  part  of  the  Frannie  Division  of 
the  Shoshone  Project,  served  by  the  Frannie  and  Deaver  canals;  the  lower 
portion  is  served  by  the  Sidon  Canal.   About  24,000  acres  are  irrigated  in 
the  Sage  Creek  drainage  area  i,i  Wyoming.   The  irrigated  area  is  at  about 
4,000  feet  elevation.   Average  annual  precipitation  is  slightly  below  6 
inches.   Average  frost-free  (32°F.)  period  is  about  130  days.   Effective 
precipitation  on  irrigated  land  i s  2  to  3  inches.   Estimated  net  irrigation 
requirement  is  about  23  inches  for  alfalfa  and  sugar  beets,  21  inches  for 
grass,  15  inches  for  corn  silage. 
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PROBLEMS  AND  NEEDS 

The  entire  250,000  acre  area  of  the  Sage  Creek  drainage  was  the  subject 
of  a  preliminary  investigation  by  the  Soil  Conservation  Service  in  1965. 
Problems  presented  by  local  sponsors  were  an  irrigation  water  shortage 
in  the  Bowler  Flats  area  of  Montana  and  erosion  and  sediment  production 
in  lower  Sage  Creek  and  its  lower  tributaries.   A  partial  solution  was 
proposed  for  the  irrigation  water  problem  but  no  feasible  project  was 
found  for  the  erosion  problem. 

A  watershed  investigation  performed  for  the  Wind  -  Bighorn  River  Basin 
Type  IV  Study  of  197^  identified  problems  of  inadequate  drainage  on 
irrigated  land  and  irrigation  water  shortage  on  land  under  the  Frannie 
Canal  as  well  as  erosion  damage  in  the  Sage  Creek  and  Polecat  Creek 
channel s. 

Irrigation  Water  Supply 

The  major  problem  of  this  area  is  the  lack  of  adequate  irrigation  water 
during  peak  use  periods  in  July  and  early  August.   Due  to  water  shortages 
and  irrigation  inefficiencies,  effective  water  supplies  are   not  adequate 
to  fully  supply  the  acres  currently  under  irrigation.   Available  supplies 
during  the  peak  season  are   used  for  high  valued  crops  thus  delaying  irri- 
gation to  forage  crops.   As  a  result,  hay  and  pasture  yields  are  reduced 
by  approximately  one-third  of  the  potential  yield  with  a  full  water  supply, 

Irrigation  water  shortages  have  resulted  from  a  number  of  factors  such 
as  a  reduction  in  the  carrying  capacity  of  the  Corbett  tunnel  which  is 
used  to  divert  water  from  the  Shoshone  River  to  the  Frannie  Canal.   The 
6  mile  long  tunnel  was  designed  to  have  a  flow  capacity  of  approximately 
1,000  cfs.   However,  tunnel  capacity  has  been  reduced  to  approximately 
900  cfs.   The  irrigation  water  supply  problem  has  been  compounded  by  a 
general  deterioration  of  the  distribution  system.   Canals  are   partially 
silted  in,  and  vegetative  and  moss  growth  has  further  reduced  channel 
capacities.   Water  management  is  also  a  problem  in  the  area.  Many  farmers 
over-irrigate  in  early  June  in  anticipation  of  a  water  shortage  in  the 
middle  and  late  summer.-  Such  over- i rr igat ion  has  resulted  in  reduced 
crop  yields.   During  peak  requirement  periods,  over- i rr igat ion  of  some 
fields  further  reduces  the  effective  water  supply.   The  length  of  the 
Frannie  Canal,  which  is  about  32  miles,  presents  a  problem  in  regulating 
canal  flows  and  deliveries  at  the  lower  end  of  the  canal. 
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Drainage 

Inadequate  drainage  has  brought  about  salting  problems.   The  following 
table  outlines  the  drainage  problem  within  the  watershed: 

Drainage  Problem  Summary  For  Sage  Creek-Pryor  Mountain  Watershed 

By  Type  of  Soil  Condition 


Drainaqe  Condition 

Soil 

Cond  it  ion 

Type  U 

Category 
Total 

TYPE  1 

TYPE  II 

TYPE  1  1  1 

Total 

Acres  Requiring  Drainage 

1  ,168 

1  ,U60 

^,380 

7,008 

a. 

Acres  Not  Drainable 

1  ,168 

1,168 

b. 

Acres  Already  Drained 

260 

3,528 

3,788 

c. 

Acres  Remaining  to  be 

Drained 

1  ,200 

852 

2,052 

_a/  Type  I  Soils:   Soils  which  due  to  shallow  topsoil  condi t ions, are  not 

drainable. 
Type  II  Soils:   Soils  which  are  partially  drainable. 
Type  III  Soils:   Soils  which  have  no  physical  impairments  to  drainage. 

The  installation  of  tile  drains  by  individual  operators  has  begun  within 
the  watershed.   It  is  further  noted  that  the  reclaiming  and  enhancing  of 
these  acres  can  be  carried  out  without  any  significant  change  in  irrigation 
water  demand  as  these  lands  are  currently  being  flood  irrigated.   Canal 
leakage,  which  has  been  increased  by  channel  deterioration,  has  developed 
into  a  major  problem  in  the  area.   Much  irrigable  land  has  been  abandoned 
or  placed  in  a  lower  value  use  such  as  pasture  because  of  salting  conditions 
induced  by  channel  leakage. 


Streambank  Erosion 

The  third  major  problem  in  the  watershed  is  serious  streambank  erosion  along 
Sage  Creek  and  Polecat  Creek.   Streambank  erosion  has  been  augmented  by  the 
dumping  of  "tail  waters"  into  the  creeks  without  proper  structures.   Total 
acreage  losses  have  been  estimated  at  13  acres  per  year  along  Sage  and 
Polecat  Creek. 


PROJECT  PROPOSAL 

An  irrigation  water  regulating  reservoir  near  the  end  of  the  Frannie  Canal, 
which  will  be  supplied  by  the  Frannie  Canal,  will  provide  a  full  season 
supply  of  irrigation  water  to  U,000  irrigated  acres  that  now  experience  a 
water  shortage  during  peak  use  periods.   The  reservoir  will  be  filled  one 
or  more  times  each  season  when  there  are  excess  flows  in  the  canal.   The 
stored  water  will  permit  timely  delivery  of  water  to  irrigated  land  on  the 
lower  end  of  the  canal  system.   Installation  of  tile  drains  will  give 
effective  drainage  to  852  acres  of  irrigated  land  that  now  have  impaired 
drainage. 
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Engineer  inq 

A  25  foot  high  dam  to  be  constructed  in  section  35,  T.58N.,  R.97W. ,  k 
miles  east  of  the  town  of  Frannie  will  form  a  reservoir  to  hold  1,300 
acre-feet  of  irrigation  water. 

A  diversion  structure  in  the  Frannie  Canal  in  section  33,  T.58N.,  R.97W. , 
and  a  reservoir  supply  canal  of  60  cfs.  capacity  will  be  built  to  bring 
water  to  the  reservoir.   A  3,000  foot  long  pipe  structure  will  drop  water 
into  the  reservoi  r . 

A  delivery  canal  about  5  miles  long,  with  a  capacity  of  60  cfs.  will  be 
constructed  to  deliver  water  back  to  the  existing  distribution  canals. 

The  1,300  acre-feet  of  water  storage  will  provide  supplemental  water  for 
approximately  4,000  acres  of  irrigated  forage  during  periods  of  peak  use. 
Water  storage  near  the  end  of  the  canals  will  permit  more  efficient  oper- 
ation of  the  Frannie  canal  system,  with  easier  regulation  of  flow,  more 
timely  delivery  and  reduced  spills  through  wasteways.   The  additional 
water  needed  to  fill  the  regulating  reservoir  can  be  offset,  in  part,  by  a 
decrease  in  spills.   Operational  spills  in  the  Frannie  Division  are  reported 
to  be  about  10,000  acre-feet  per  year. 

Fourteen  miles  of  tile  drain  will  be  placed  to  provide  needed  drainage 
to  852  acres . 

Structural  data  are  shown  in  tables  1,  2,  and  3. 


Estimated  Construction  Cost  is': 

1.  Dam  $  409,600 

2.  Diversion  Structure  S-  Supply  Canal  38,700 

3.  Pipe  Drop  185 ,000 

4.  Delivery  Canal  102,700 

5.  Tile  Drain  335,900 
TOTAL  $1,071,900 


Estimated  Annual  Operation  and  Maintenance  Cost  is 

1.  Dam  $2,300 

2.  Diversion  Structure  &  Supply  Canal  750 

3.  Pipe  Drop"  1  ,550 

4.  Del ivery  Canal  1 ,400 

5.  Ti le  Drain  1 ,100 
TOTAL  $7,100 


The  estimated  installation  cost  and  annual  costs  are   shown  in  tables 
4  and  5. 
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Irrigation  water  management  will  be  the  most  important  land  treatment  on 
the  irrigated  land.   On-farm  measures  will  include  ditch  lining  to  reduce 
seepage  losses  and  to  increase  delivery  efficiencies.   The  installation  of 
water  measuring  devices  would  aid  in  achieving  improved  water  application. 
Tile  drains  will  help  reclaim  part  of  the  1,200  acres  needing  drainage 
that  are  not  treated  by  project  drainage. 

Water  application  is  by  surface  methods.   Some  change  in  cropping  pattern 
is  expected,  after  improved  water  supply  and  drainage,  to  crops  yielding 
higher  net  returns.   Yields  from  pasture  and  haylands  will  increase. 
Surface  methods  will  continue  to  be  the  principal  methods  of  water 
appl ication. 

No  additional  water  use  is  expected  for  leaching  and  reclaiming  land  that 
will  be  dra ined. 


Soi  1  s 

Soil  in  the  area  is  alkaline.   Irrigation  can  be  practiced  on  selected 
land  with  good  water  management.   Drainage  is  often  required  in  associa- 
tion with  irrigation.   Irrigated  soils  generally  have  moderate  intake 
rates  and  moderate  to  high  water  holding  capacity.   Representative  soil 
series  include  Stutzman,  Youngston,  Lostwells,  Cestnik,  and  Torchlight. 

A  brief  profile  description  of  the  identified  series  follows: 

Cestnik  -  Well  drained  soils  formed  in  alluvium.   Typically  s i 1 ty  clay 
about  2k    inches  thick  underlain  by  very  gravelly  sand  to  60  inches  or  more. 

Lostwells  -  The  surface  layer  is  sandy  clay  loam  about  10  inches  thick. 
The  underlying  material  is  sandy  clay  loam  stratified  with  thin  lenses  of 
sandy  loam  and  clay  loam  to  a  depth  of  60  inches  or  more.   The  soil  is 
moderately  alkaline  and  calcareous  throughout. 

Stutzman  -  Well  drained  soil  formed  on  alluvial  fans  and  terraces.   Texture 
is  s i 1 ty  clay  loam  to  a  depth  of  60  inches. 

Torchlight  -  Well  drained  soils  formed  in  alluvium  on  alluvial  fans  and 
side  slopes.   The  texture  is  s i 1 ty  clay  loam  to  60  inches  or  more. 
Strongly  al kal ine. 

Youngston  -  The  surface  layer  is  clay  loam  about  8  inches  thick.   The  under- 
lying material  is  clay  loam  stratified  with  thin  lenses  of  sandy  clay  loam, 
silty  clay  loam  and  sandy  loam  to  a  depth  of  60  inches  or  more.  The  soil 
is  moderately  alkaline  and  calcareous  throughout. 
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Hydrology 

Essentially  all  of  the  irrigation  water  is  from  the  Shoshone  River.   Flow 
of  the  Shoshone  River  is  regulated  by  the  Buffalo  Bill  Dam  near  Cody.   Use 
of  the  water  of  the  Shoshone  River  depletes  less  than  30  percent  of  the 
estimated  1.2  million  acre-feet  annual  yield. 

Water  from  the  Shoshone  River  is  of  suitable  quality  for  irrigation.   The 
Wyoming  Planning  Party  Report  No.  11,  October  1972,  shows  average  total 
dissolved  solids  in  the  Shoshone  River  of  225  p. p.m.  below  Buffalo  Bill 
Reservoir  and  k6S    p. p.m.  near  Lovell. 

Flows  from  Sage  Creek  are  erratic  and  not  dependable  for  irrigation. 
Unregulated  flows  are  inadequate  for  the  areas  already  irrigated  in 
Montana.   A  streamgage  is  operated  in  lower  Sage  Creek  in  Wyoming,  but 
recorded  flow  is  largely  return  flow  from  land  irrigated  by  canals 
diverting  water  from  the  Shoshone  River. 

If  water  delivery  is  improved  to  ^,000  acres  and  production  is  increased 
on  the  852  acres  with  improved  drainage,  an  increase  in  water  depletion 
due  to  crop  consumptive  use  and  reservoir  evaporation  may  be  estimated 
to  be  about  2,000  acre-feet  per  year.   No  other  increases  in  water  depletion 
should  result  from  development  of  the  project. 


Economi  cs 

Comparison  of  benefits  and  costs  for  structural  measures  is  shown  in 
table  6. 
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Table  1-  Structure  Data  -  Dam 


Drainage 

Area 

Est.  Height 
of  Dam 

Est.  Vol. 
of  Fill 

Pr inc.  Spi 1 Iway 

Em.  Spi 1 lway 

Max.  Surf. 

Type 

Rel ease 
Rate 

Type 

%  Chance 
of  Use 

Area  Em. 
Spill  Level 

Sq.  Mi. 
1.3 

Feet 
25 

Cu.  Yd. 
104,000 

Concrete 
Pipe 

CFS 
60 

Veg. 

Less  than 
1 

Acres 
170 

Table  2-  Structural  Data  -  Drains 


Acres  To  Be 
Drained 

Mi  les  of  Drain 
Requi  red 

Type  of 
Drain 

S  ize  of  Tile 

852 

14.2 

Tile 

6-12  inches 

Table  3-  Reservoir  Storage  Capacity 


Drainage 
Area 

STORAGE  CAPACITY  PLANNED 

Addi  tional 
Storage  Cap. 
Avai lable 

Sediment 

Detention 

1  rriqat  ion 

Total 

Sq.  Mi . 
1.3 

100 

180 

1  ,300 

1,580 

None 

Table  4-  Estimated  Structure  Cost 
(Dollars)  1/ 


Structural 
Measures 

Construction 

Engineer. 
Services 

Land  Ease, 
and  R.W. 

Project 
Admin. 

Instal lat ion 

Dam  & 
Canals 

736.000 

1 10.400 

21 .800 

73.600 

941 .800 

Dra  ins 

335l900 

50.400 

WBBOB 

33.600 

419.900 

TOTAL 

1.071.900 

160.800 

21  .800 

107,200 

1.361.700 

1/  Price  Base:   1975 
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Table  5-  Annual  Cost 
(Dollars)  1/ 


Evaluation 
Unit 

Amortization  of 
Instal  lation  Costs  2-1 

Operation  and 
Maintenance  Cost 

Total 

Dam  &  Canals 

53.300 

6,000 

59.300 

Project 
Administrat  ion 

4.500 

4,500 

GRAND  TOTAL 
(Dam) 

57.800 

6.000 

63,800 

Drainaqe  Project 

23.700 

1  ,100 

2i+,800 

Proj  ect 
Administrat  ion 

2,100 

2,100 

GRAND  TOTAL 
(Drain) 

25,800 

1  ,100 

26,900 

W     Price  Base:   1975 

2/   100  years  C®  6  1/8%  interest 


Table  6-  Comparison  of  Benefits  and  Costs  for  Structural  Measure 


Eval uat  ion 
Unit 

AVERAGE  ANNUAL  BENEFITS  U 

Avg. 
Annual 

cost  y 

Benef  i  t 

Cost 
Ratio 

Ag.  Water 
Mqt. 

Secondary 

Total 

Combined 
Structural 

Measures 

219,300 

26,300 

245,600 

84,100 

2.9:1 .0 

Project 
Admini  strat ion 

6,600 

TOTAL 

219,300 

26,300 

245,600 

90,700 

2.7:1.0 

]_l     Current  Normalized  Prices 
2/  Price  Base:   1975 
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DISPLAY  OF  ACCOUNTS 

National  Economic  Development  Account 

Beneficial  effects 

Irrigation  &  drainage  $219,300 

Externalities  26,300 

Total  beneficial  effects  $245,600 

(annual  equivalent  values) 

Adverse  effects 

Instal lation  cost  $83,600 

Annual  0M&R  7,100 

Total  annual  cost  $90,700 

Net  beneficial  effects  $154,900 

Adjacent     Rest  of 
Regional  Development  Account  Region      Region       Nation 

Beneficial  effects 

User  benefits 

Irrigation  &  drainage  $219,300        -0-         -0- 

Regional  benefits 

Employment  impacts  ]_/  26,800  -0- 

Induced  &  stemming  from  II  438,600        -0-  -0- 

External ities  26,300        -0-         -0- 

Total  beneficial  effects  $711,000 

(annual  equivalent  values) 
Adverse  effects 

Investment  $35,000  y  $47,250 

0M&R  7 , 1 00 

External ities  4/  1 ,350  

Total  adverse  effects  $43,450  $47,250 

(annual  equivalent  values) 

Net  beneficial  effects  $667,550  -$47,250 

]_/  Amortized  construction  cost  x  .  30  +  0M&R 

2/  Irrigation  &•  drainage  benefit  x  2.0 

\l  Sponsors  share  of  amortized  cost,  less  land  rights 

4/  Land  rights  cost  amortized  at  6  1/8%  for  100  years 
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Social  Well-Being  Account 

A.  Income 

1.  Net  ranch  income  would  be  increased  about  $200,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production. 

3.  Community  income  would  be  increased  an  average  of  nearly  $660,000 
annually  because  of  increased  employment  and  business  generated  by 
project  installation  and  project  output. 

k.      Community  income  would  be  stabilized  by  more  dependable  agricultural 
product  ion. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide  an 
average  annual  of  3  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  18  seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional  9 
full  time  jobs  in  the  agribusiness  industry  of  the  region. 

k.      Producing  the  increased  agricultural  output  of  the  project  will 

more  efficiently  utilize  the  presently  underemployed  labor  resources 
committed  to  ranches  in  the  project  area. 

C.  Life,  Health,  and  Safety 

1.  Increased  income  would  allow  beneficiaries  to  more  actively  participate 
in  social,  cultural,  recreational  and  community  activities  of  the 
region. 

2.  Increased  irrigation  water  supply  would  serve  as  a  fire  fighting 
source  of  water. 


Environmental  Quality  Account 

A.  Irrigation  water  storage  would  provide  habitat  for  waterfowl  on  a  pool 
of  about  150  acres. 

B.  Development  of  irrigation  water  would  commit  about  150  acres  of  rangeland 
to  a  water  storage  use. 
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Reconnaissance  Study 
SIDON  CANAL 


YELLOWSTONE  BASIN  AND  ADJACENT  COAL  AREA 
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Soil  Conservation  Service 
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SUMMARY 

Preliminary  study  indicates  that  a  feasible  project  can  be  developed  to 
rehabilitate  and  improve  the  Sidon  Canal  in  Park  County,  Wyoming.   Problems 
associated  with  the  operation  of  the  irrigation  canal  appear  to  be  excessive 
water  loss  because  of  canal  seepage,  low  water  use  efficiency,  and  excessive 
spills;  hazard  of  structure  failure  in  the  canal;  and  damage  to  3»000  or 
more  acres  of  irrigable  land  because  of  high  water  table. 

A  structural  program  would  include  lining  of  selected  reaches  of  canal 
and  laterals,  installing  controls  with  metering  devices  at  all  water 
delivery  points,  and  replacing  canal  structures.   The  estimated  average 
annual  cost  of  the  project  is  about  $232,000. 

The  project  would  result  in  the  reclamation  of  about  2,000  acres  of 
irrigable  land  that  has  a  high  water  table;  reduced  hazard  of  interrupted 
water  service  to  the  nearly  12,000  acres  served  by  the  canal;  assurance  of 
adequate  water  supply  to  the  field  even  if  water  diversion  rates  are 
regulated  because  of  the  demands  of  other  water  users;  and  a  decrease  in 
return  flow  from  the  irrigated  area.   The  estimated  average  annual  benefits 
from  irrigation  and  drainage  are  about  $326,000. 

LOCATION  AND  DESCRIPTION 

The  Sidon  Canal  serves  an  area  of  nearly  12,000  acres  of  irrigated  land 
in  the  northwest  part  of  Big  Horn  County,  Wyoming.   The  canal  begins  at 
a  diversion  from  the  Shoshone  River  about  one-quarter  mile  west  of  the 
Park  County-Big  Horn  County  line  and  extends  toward  the  northeast  for  a 
distance  of  about  36  miles  and  past  the  towns  of  Byron  and  Cowley. 

The  canal  is  operated  by  the  Sidon  Irrigation  District.  The  irrigation 
water  supply  is  the  natural  flow  of  the  Shoshone  River  and  appears  to  be 
adequate  to  meet  the  water  needs  of  the  irrigated  area.  Irrigation  return 
flow  in  Bitter  Creek  is  used  to  supplement  diversions  from  the  Shoshone 
River.  No  storage  is  provided  for  the  project  which  has  been  operating 
since  about  190*+.  Water  rights  for  most  of  the  irrigated  land  pre-date 
the  storage  rights  in  Buffalo  Bill  Reservoir.  About  175  operators  farm 
the  land  served  by  the  canal. 

The  irrigated  land  is  at  an  elevation  of  about  4,000  feet  above  mean  sea 
level  where  the  average  annual  frost  free  (32°  F.)  period  is  130  days.  The 
average  annual  precipitation  in  the  area  is  about  6  inches,  and  the  effective 
precipitation  on  irrigated  land  is  about  3  inches.  The  principal  crops 
are  sugar  beets,  corn  for  silage,  beans,  small  grain,  and  alfalfa  hay.  The 
annual  net  irrigation  requirement  for  these  crops  is  about  19  inches. 

Much  of  the  soil  in  the  project  area  is  alkaline.   Irrigation  can  be 
practiced  on  selected  land  with  good  water  management.   Drainage  is  often 
required  in  association  with  irrigation.   The  irrigated  soils  generally 
have  moderate  intake  rates  and  moderate  to  high  water  holding  capacity. 
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PROBLEMS 

The  major  problems  in  the  Sidon  Irrigation  District  are  those  associated 
with  management  of  the  existing  system.   Currently,  an  average  of  about 
81,000  acre-feet  is  diverted  annually  into  the  canal.  This  provides  a 
water  supply  of  nearly  7  feet  in  an  area  where  the  average  annual  net 
irrigation  requirement  for  the  crops  grown  is  about  1.6  feet.  The  problem 
of  large  diversion  volume  and  excessive  water  loss  in  the  project  resulted 
in  1973  in  a  request  for  assistance  in  a  program  of  canal  realignment  and 
canal  lining  to  correct  seepage  in  the  canal.  A  preliminary  report  was 
prepared  by  the  U.  S.  Soil  Conservation  Service  in  response  to  the  request. 

One  of  the  problems  that  has  been  identified  in  earlier  investigation  is 
that  of  a  potential  water  shortage  resulting  from  the  high  water  loss  on 
the  project.  No  problem  of  water  shortage  exists  now.  The  potential  for  a 
water  shortage  is  the  possibility  that  other  demands  for  the  water  in  the 
Shoshone  River  drainage  area  may  require  that  the  rate  of  diversion  into 
the  Sidon  Canal  be  reduced.  Canal  seepage  is  described  as  a  large  water 
loss  in  the  system. 

A  second  problem  identified  earlier  is  the  damage  to  land  caused  by  excess 
water  and  high  water  table.   Estimates  of  the  damage  range  from  3»000  acres 
to  7,000  acres  of  irrigable  land  that  have  become  unproductive  or  on  which 
production  is  limited.   Canal  seepage  is  credited  with  causing  much  of 
the  land  damage. 

A  third  problem  is  the  hazard  of  structure  failure  in  the  70-year  old 
distribution  system  that  could  result  in  interrupted  water  service.   It 
has  been  recognized  that  a  few  of  the  older  large  structures  may  need  to 
be  replaced  at  some  time. 

The  volume  and  quality  of  return  flow  from  an  irrigation  project  with 
estimated  water  losses  of  62,000  acre-feet  per  year  may  become  recognized 
as  a  problem.  At  the  present  time,  the  quality  of  return  flow  from  the 
project  is  not  known. 

CAUSE  OF  PROBLEMS 

There  are  not  enough  water  measurements  within  the  system  to  identify 
locations  where  the  estimated  water  loss  of  62,000  acre-feet  annually 
may  occur.  One  gaging  station  is  maintained  below  the  first  spillway  on 
the  canal  at  a  point  about  2  miles  below  the  diversion  from  the  Shoshone 
River  and  downstream  from  the  diversion  from  Bitter  Creek.   Daily  flow 
rates  are  reported  at  the  station.  No  other  gages  are  known  to  exist  in 
the  canal.  The  volume  of  water  delivered  to  the  farms  is  not  known. 

Seepage  from  the  canal  has  been  described  as  being  a  major  loss;  the 
several  spillways  along  the  canal  are  said  to  flow  at  excessive  rates;  and 
lack  of  measurement  at  the  farm  delivery  suggests  high  on-farm  water  loss. 

An  effective  structural  program  to  reduce  water  loss  and  reclaim  damaged 
land  can  be  planned  only  after  the  location  of  losses  has  been  determined  b 
measurement.  Most  canal  seepage  is  expected  to  be  of  such  magnitude  that 
Y.     ponding  will  be  needed  to  quantify  losses. 
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POSSIBLE  SOLUTIONS 

The  potential  water  shortage  can  be  reduced  through  improved  canal 
management.   Scheduled  water  deliveries  and  controlled  deliveries  to 
farms  will  permit  a  lower  rate  of  canal  flow.   Spillways  should  be  used 
as  emergency  structures  to  protect  the  system.  Measured  deliveries  to 
the  farm  will  decrease  the  on-farm  losses.   On-farm  water  management,  land 
treatment,  and  structural  works  will  further  improve  efficiency. 

Canal  seepage  can  be  controlled  by  canal  lining.   Lining  will  improve 
delivery  by  reducing  delivery  time.   The  cost  of  lining  or  pipelines 
probably  will  not  permit  lining  all  of  the  canal.   Lined  sections  should 
be  limited  to  reaches  with  the  highest  rate  of  seepage  and  areas  causing 
the  greatest  land  damage.  These  reaches  are  not  easily  identified  and 
can  be  determined  only  with  considerable  time  and  effort.   Improved  on-farm 
management  and  systems  will  aid  in  reclaiming  some  of  the  seeped  irrigable 
land. 

The  hazard  of  structural  failure  can  be  reduced  by  a  program  of  replacement 
of  some  of  the  large  structures  before  a  program  of  emergency  replacement 
becomes  necessary.  The  Soil  Conservation  Service  report  of  1973  indicates 
that  three  large  structures  were  replaced  in  a  period  of  6  years  and  that 
smaller  structures  including  some  turnouts  also  were  being  replaced. 

PROPOSED  PROJECT 

A  project  development  should  include  a  complete  rehabilitation  of  the  project 
system  with  on-farm  system  improvement  and  water  management. 

The  extent,  location,  and  amount  of  structural  works  to  be  installed  will 
need  to  be  determined  from  feasibility  studies  based  on  information  still 
to  be  obtained.   Measurements  are  needed  to  determine  the  amount  and 
location  of  water  losses  in  the  canal  and  in  the  laterals,  volume  of  spillway 
flows,  and  volume  of  farm  delivery.  The  probable  future  water  supply,  the 
impacts  of  the  return  flow,  and  the  opportunity  to  reclaim  seeped  areas  must 
be  determined  before  specific  works  of  improvement  can  be  planned. 

With  the  limited  amount  of  information  available,  a  proposal  for  project 
development  must  be  based  on  numerous  assumptions.  A  tentative  proposal 
for  a  project  based  on  the  information  available  includes  the  following 
structural  works: 

1.  Six  miles  of  concrete  canal  lining.   The  Irrigation  District  identified 
reaches  of  canal  with  high  losses  that  total  over  8  miles,  which  is 
about  one-fourth  of  the  canal  length.   If  selection  is  based  on  good 
water  loss  measurements,  the  length  may  be  reduced  to  6  miles.  The 
sandstone  areas  in  the  upper  part  of  the  canal,  having  been  described' 
as  high  loss  areas,  may  be  the  areas  to  be  lined.  A  canal  capacity 

of  300  cfs  to  200  cfs  is  planned. 

2.  Ten  miles  of  concrete  lining  (or  pipe)  in  project  laterals.  This  is 
about  one-fourth  of  the  estimated  length  of  project  laterals.  The 
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Irrigation  District  is  planning  about  2  miles  of  lateral  lining  for 
early  construction.   Some  lining  has  been  completed  on  smaller  laterals 
Lining  capacity  is  about  10  to  12  cfs. 

3.  Two  hundred  turnouts  and  meters.  The  estimated  number  of  deliveries 
is  220.   It  is  understood  that  very  few  meters  are  in  use.  Provision 
for  measurement  at  each  delivery  is  necessary  for  good  water  management. 

4.  Control  structures  in  the  diversion  from  the  Shoshone  River.  The 
estimated  life  of  the  existing  structure  indicates  replacement  of  the 
gate  portion  will  be  required  in  the  near  future. 

5.  One  creek  crossing  structure.  Appearance  of  the  structure  suggests 
a  replacement  will  be  needed. 

6.  Tunnel  improvement.  The  reported  condition  of  the  tunnel  through 
natural  materials  is  such  that  it  may  be  a  high  hazard  to  dependable 
delivery  to  about  two-thirds  of  the  irrigated  area.   Uncovering  the 
tunnel  to  an  open  ditch  has  been  planned  in  the  past  and  is  assumed 
to  be  the  most  economical  way  to  solve  the  problem. 

7.  Construct  five  spillways.   Based  on  the  life  expectancy  of  the  wasteway 
structures  that  were  observed,  replacement  will  soon  be  needed  on 
several  structures.   One  needed  spillway  is  already  scheduled  for 
early  construction.  The  structures  are  necessary  as  emergency  spillways 
to  protect  the  canal  and  other  structures  within  the  canal  from  failure 
during  the  irrigation  season. 

COST  OF  STRUCTURAL  WORKS 

The  estimated  construction  cost  of  the  project  structural  measures  is: 

Canal  Lining  $  790,000 

Lateral  Lining  3^5,000 
Turnouts  and  Metering  Boxes  400,000 

Diversion  Structure  75.000 

Creek  Crossing  100,000 

Tunnel  70,000 

Spillways  250,000 

TOTAL  $2,030,000 

The  estimated  installation  cost  of  structural  measures  is  $2,640,000. 

Assuming  that  the  average  annual  operation  and  maintenance  cost  is  $32,000, 
the  estimated  future  average  annual  0&M  with  all  proposed  structural 
measures  and  water  measurement  at  the  farm  is  $42,000. 

EFFECTS  OF  WORKS  OF  IMPROVEMENT 

For  the  purpose  of  this  study,  it  is  estimated  that,  because  of  excess  water, 
2,000  acres  of  irrigable  land  has  become  unproductive  and  an  additional 
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1,000  acres  of  irrigated  land  has  been  damaged  to  the  extent  that 
productivity  has  been  reduced. 

Of  the  estimated  3,000  acres  of  damaged  land,  an  estimated  1,000  acres  of 
unproductive  land  and  1,000  acres  of  land  with  reduced  yield  are  damaged 
because  of  canal  seepage.   If  the  canal  lining  program  is  successful, 
500  acres  of  unproductive  land  and  1,000  acres  with  reduced  yield  may  be 
drained  and  reclaimed. 

An  additional  500  acres  of  unproductive  land  may  be  reclaimed  as  the 

result  of  lateral  lining,  limited  farm  delivery,  on-farm  system  improvement, 

and  water  management. 

The  early  replacement  of  major  structures  that  have  short  life  expectancy 
will  reduce  the  hazard  of  interrupted  water  service  during  the  irrigation 
season. 

The  combination  of  canal  lining,  metering,  system  management,  and  on-farm 
irrigation  improvement  will  assure  an  adequate  water  supply  if  the  diversions 
from  the  natural  source  are  restricted. 

If  water  losses  in  the  canal  are  estimated  to  be  about  30  percent  of 
diversions  and  losses  through  seepage  in  the  distribution  system  are  about 
1 5 ,000  acre-feet  per  year,  then  total  diversion  may  be  reduced  a  volume 
of  8,000  acre-feet  per  year  by  lining  the  6  miles  of  canal.   Lining  in 
project  laterals  may  reduce  diverted  volume  another  500  acre-feet  per  year. 

Economic  Effects 

Annual  benefits  from  replacement  of  structures  prior  to  failure  fall  into 
three  categories: 

a.  Prevention  of  delays  in  irrigation  water  delivery  and  resultant 
losses  in  production  ($90,630). 

b.  Cost  savings  from  emergency  repair  costs  not  incurred  ($500). 

c.  Cost  savings  in  installation  of  eight  structures  that  would 
have  to  be  replaced  in  the  next  15  years  without  a  project 
($26,680). 

Benefits  from-  canal  and  lateral  lining,  metering,  and  system  management  are 
estimated  to  be  as  follows,  on  an  average  annual  basis: 

a.  Increase  in  net  incomes  from  increased  production  ($176,000). 

b.  Savings  of  operation  and  maintenance  costs  that  would  be  incurred 
in  the  absence  of  a  project  ($32,000). 

c.  Economic  benefits  from  water  savings  have  not  been  evaluated  in  this 
reconnaissance  study. 


fr>7* 


377 


Project  costs  include  installation  ($170,410  average  annual),  annual 
operation  and  maintenance  ($42,000),  and  associated  costs  for  drainage 
of  1,000  acres  of  seeped  land  ($19,370  average  annual). 

Project  benefits  and  costs  are  summarized  below: 

Benef i  ts  (average  annual): 

Irrigation  and  associated  drainage  $325,81 0 

Costs: 

Project  installation  $170,410 

Annual  0&M  42,000 

Associated  costs  (drainage  1,000  acres)   19,370 

Total  Average  Annual  Costs  $231,780 

Net  Benefit  =  $94,030  average  annual 

Benefit:  Cost  Ratio  -  1.4:1.0 

Annual  costs  were  computed  with  a  discount  rate  of  6  l/8%  and  a  50  year 
project  life. 


37  S 


DISPLAY  OF  ACCOUNTS 

National  Economic  Development  Account 

Beneficial  effects 

Irrigation  $325.810 

Total  beneficial  effects  $325,810 
(annual  equivalent  value) 

Adverse  effects 

Installation  cost  $170,410 

Annual  0&M  42,000 

Associated  costs  19,370 

Total  annual  cost  $231,780 

Net  beneficial  effects  $  94,030 


Regional  Development  Account  Region     Adjacent   Rest  of 

Region    Nation 

Beneficial  effects 

User  benefits 

Irrigation  $325,810  0 

Regional  benefits 

Employment  impact  1/  $  81,000  0 

Induced  and  stemming  from  U  533,260  0 

Total  beneficial  effects  $940,070  0 

(annual  equivalent  value) 

Adverse  effects  . 

Investment  $  76,900  -2/ 

Annual  0M&R  42,000 

Total  adverse  effects  $118,900 

Net  beneficial  effects  $821,170 

\J     Amortized  construction  cost  x  .3  +  0M&R. 

2/  Value  increased  agricultural  production  x  2.0. 

_2/  Sponsor's  share  of  amortized  cost. 


$112,880 
0 

$112,880 
$112,880 
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Social  Well-Being  Account 

A.  Income 

1.  Net  ranch  income  would  be  increased  about  $200,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and 
more  reliable  crop  production. 

3.  Community  income  would  be  increased  an  average  of  $800,000 
annually  because  of  increased  employment  and  business  generated 
by  project  installation  and  project  output. 

k.      Community  income  would  be  stabilized  by  more  dependable  agricultural 
production. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide  an 
average  annual  of  6  full-time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  25  seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional 
10  full-time  jobs  in  the  agribusiness  industry  of  the  region. 

k.      Producing  the  increased  agricultural  output  of  the  project  will 

more  efficiently  utilize  the  presently  underemployed  labor  resources 
committed  to  ranches  in  the  project  area. 

C.  Life,  Health,  and  Safety 

1.   Increased  income  would  allow  beneficiaries  to  participate  more 

actively  in  social,  cultural,  recreational,  and  community  activities 
of  the  region. 

Environmental  Quality  Account 

A.  About  1,000  acres  of  seeped  land  will  be  reclaimed. 
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SUMMARY 

The  Taylor-Dutch  Flat  Ditch  and  the  Cemetery  Ditch  are  irrigation  ditches 
serving  about  3»000  acres  of  irrigated  land  in  the  vicinity  of  Lander  in 
Fremont  County,  Wyoming.  The  two  ditches  were  studied  in  1976  as  a  potential 
Resource  Conservation  and  Development  (RCS-D)Measure:   the  Taylor-Dutch  Flat- 
Cemetery  Ditch  (TDC)  Measure.   The  RC&D  Measure  Field  Examination  Report, 
which  forms  the  basis  for  this  reconnaissance  report,  indicated  that  a  feasible 
project  can  be  planned  to  meet  the  sponsors'  objectives  to: 

1.  Reduce  the  hazard  of  ditch  failure  and  the  resulting  flooding  and 
interruption  in  water  delivery. 

2.  Reduce  ditch  seepage  which  contributes  to  unstable  land  and  high 
water  table. 

3.  Reduce  operation  and  maintenance  costs. 

k.      Improve  irrigation  water  management  and  reduce  erosion. 

The  structural  proposal  evaluated  for  this  report  is  to  combine  the  two 
ditches  into  one  concrete  lined  ditch  for  a  distance  of  about  2  miles; 
install  a  few  needed  structural  measures  in  the  remaining  ditches;  and 
regrade  and  clean  the  rest  of  the  30  mile  distribution  system.  . 

The  installation  cost  of  structural  measures  and  the  economic  benefits  as 
estimated  for  the  Field  Examination  Report  were  used  in  this  study.   The 
average  annual  costs  and  benefits  were  determined,  using  an  interest  rate 
of  6  1/8  percent.   The  effects  of  installing  the  RC&D  measure,  as  determined 
in  this  study,  are  displayed  in  the  four  accounts  beginning  on  page  6. 

Water  saved  by  ditch  lining  and  consolidation  is  not  expected  to  result  in 
a  decrease  in  water  use  on  the  project  area.  Additional  water  available 
at  the  fields  may  be  used  on  part  of  the  nearly  1,000  acres  which  have  water 
rights  but  are  not  being  supplied  with  water. 

LOCATION  AND  DESCRIPTION 

The  Taylor-Dutch  Flat  Ditch  and  the  Cemetery  Ditch  are  irrigation  ditches 
south  and  east  of  Lander  in  Fremont  County,  Wyoming.   Each  ditch  diverts 
water  from  the  Middle  Popo  Agie  River,  carries  water  through  Lander,  and 
serves  land  within  Lander  and  agricultural  land  near  Lander.   The  Taylor 
Ditch  extends  eastward  and  serves  farmland  in  the  valley  of  the  Little  Popo 
Agie  River  (Lyons  Valley).  The  main  ditches  are  nearly  parallel  for  a 
distance  of  nearly  2  miles  where  they  are  about  300  to  700  feet  distant  from 
one  another.   Each  ditch  is  operated  by  a  different  ditch  company. 

About  3»000  acres,  irrigated  by  about  20  operators,  are  served  by  the  two 
ditches.   The  principal  crops  are  alfalfa,  grass,  and  small  grain.   The 
elevation  of  the  irrigated  land  is  about  5,300  feet  above  mean  sea  level. 
Average  annual  precipitation  is  about  13  inches.   The  consumptive  use  of 
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crops  grown  in  the  area  is  about  2k   inches  per  year;  the  net  irrigation 
requirement  is  about  20  inches  per  year. 

PROBLEMS 

The  primary  land  and  water  problems  associated  with  the  operation  of  the 
irrigation  ditches  were  identified  as: 

1.  Unreliable  irrigation  water  delivery:   The  sloughing  of  the  banks 

of  the  Taylor-Dutch  Flat  Ditch  has  caused  water  shutoff  for  as  long  as 
10  days.   Sloughing  can  occur  at  any  point  along  the  ditch.   Earth  movement 
near  Fremont  Motor  Company  results  in  deposition  of  sediment  in  Cemetery 
Ditch  and  interruption  in  water  delivery  below  this  point. 

2.  Flood  hazard  from  ditch  failure:   The  slide  areas  also  create  a  flood 
hazard  when  the  water  from  the  ditch  flows  to  the  lower  lands.   The 
following  areas  could  be  affected: 

a.  Homes  in  Lander 

b.  County  road  in  Lyons  Valley 

c.  Farmland  in  project  area 

d.  U.S.  highway  287 

3.  Ditch  seepage:   The  entire  ditch  system  has  some  seepage  problems.   Areas 
of  excessive  seepage  are   responsible  for  water  loss,  creating  alkaline 
soil  conditions,  causing  unstable  foundations  and  contributing  to  unstab 
slope  conditions.   The  two  concerned  ditch  companies  rely  on  direct  flow 
diversion  without  supplemental  water  storage;  canal  losses  result  in 
inadequate  water  delivery  to  the  irrigated  land. 

k.      High  operation  and  maintenance  costs:   High  operation  and  maintenance 
cost  of  the  ditches  at  Fremont  Motor  Company  has  required  that  nearly 
all  of  the  operation  and  maintenance  budget  of  the  ditch  companies  be 
used  at  that  location.   Other  operation  and  maintenance  needs  have  been 
postponed  resulting  in  general  deterioration  of  the  ditches.  The  portion 
of  the  ditch  south  of  the  Fremont  Motor  Company  was  relocated  many  years 
ago  for  development  of  business  sites.   Shortly  after  this  time  the 
entire  hillside  started  moving.   This  sloughing  caused  damage  to  one 
house.  The  ditch  company  was  sued  for  damages  and  ended  up  buying 
the  house  and  lining  100  feet  of  the  canal  with  60-inch  diameter  pipe. 
This  was  done  by  court  order.   Subsurface  drainage  was  later  added  to 
the  unstable  hillside  to  intercept  ditch  seepage  and  decrease  the  rate 
of  sloughing.   There  have  been  other  slide  areas,  including  one  large 
one  in  Lyons  Valley  in  1976,  that  have  been  corrected  with  use  of 
corrugated  metal  pipe. 

PROPOSED  PROJECT 

The  structural  proposal  evaluated  in  this  study  is  the  alternative 
recommended  in  the  Field  Examination  Report.   Structural  work  would   ■  ^ 
consist  of  consolidating  the  upper  2  miles  of  the  two  ditches  I rom  the 
diversion  to  highway  287  in  a  concrete  lined  ditch;  lining  '-*>  mile  of 
the  lower  Cemetery  Ditch;  installing  drains  under  the  ditch  at  two 
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locations;  replacing  one  major  spillway  and  turnouts;  and  regrading  and 
cleaning  in  the  remainder  of  the  system. 

A  short  section  of  the  upper  end  of  the  Cemetery  Ditch  may  remain  in  use 
because  of  right-of-way  problems  that  may  be  encountered  in  individual 
deliveries.  The  lower  end  of  the  Cemetery  Ditch  will  be  served  from  the 
Dutch  Flat-Taylor  Ditch. 

The  estimated  construction  cost  of  structural  measures  is: 


Lining  Dutch  Flat  Ditch 

Highway  crossing  structure 

Headgate  modification 

Spillway  for  lower  ditch 

Lining  Cemetery  Ditch 

Spillway  on  Taylor  Ditch 

Improvement  of  remainder  of  system 


TOTAL 


$  82,200 

18,000 

10,000 

5,000 

7,800 

3,000 

12,200 

$138,200 


The  estimated  installation  cost  of  structural  measures  is: 


Construction 
Engineering  Services 
Construction  Inspection 
Admini  stration 
Land  and  Water  Rights 

Instal lation  Cost 


$138,200 

12,000 

9,000 

9,000 

1,000 


$169,200 

Annual  cost  of  proposed  measures  is  shown  in  table  1. 

TABLE  1  -  ANNUAL  COST 
(Dollars)  1/ 


Evaluation 
Unit 

Amortization  of  , 
Installation  Cost  =J 

Operation  and 
Maintenance  Cost 

Total 
Cost 

Proposed 
Measures 

12,680 

2,000 

T+,680 

Project 
Administration 

710 

710 

TOTAL 

13,390 

2,000 

15,390 

2/  Price  base:   1975 

if     Amortized  at  6  1/8%  interest  for  25  years 

Cost  sharing  for  installation  costs  is  estimated  to  be  as  follows: 
Federal,  $93,700  and  Non-Federal,  $75»500.   Operation  and  maintenance 
is  a  local  cost. 
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Economic  Effects 

Economic  benefits  from  the  project  include  (1)  increased  production  with 
dependable  irrigation  water  delivery;  (2)  lower  maintenance  costs  for 
the  irrigation  system;  (3)  reduction  in  flood  hazard  to  residential, 
commercial,  and  highway  properties  resulting  from  ditch  failure.  Benefits 
from  the  third  category  have  not  been  evaluated. 

The  project  is  expected  to  reduce  maintenance  costs  in  the  canal  reach 
above  Lander  by  $7,000  annually.  Increased  net  income  from  production 
with  no  interruptions  in  water  delivery  to  2,850  acres  is  estimated  to 
be  $28,500  annual ly. 

Table  2  shows  a  comparison  of  benefits  and  costs  of  proposed  measures. 
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DISPLAY  OF  ACCOUNTS 
National  Economic  Development  Account 


Beneficial  effects 

Irrigation 
External i  ties 

Total  beneficial  effects 

(annual  equivalent  value) 

Adverse  effects 

Instal lation  cost 
Annual  OM&R 

Total  annual  cost 

Net  beneficial  effect 

Regional  Development  Account 

Beneficial  effects 

User  benefits 

Irrigation 

Regional  benefits       . 
Employment  impact  -1/ 
Induced  and  stemming  from  =J 
External i ties 

Total  beneficial  effects 

(annual  equivalent  value) 

Adverse  effects 

Investment 

OM&R 

External  i  ties  -t/ 

Total  adverse  effects 

(annual  equivalent  value) 
Net  beneficial  effect 


$35,500 
4,640 

$40, 140 


$13,390 


2,000 

$15,390 

$24,750 

Adjacent 

Rest  of 

Region 

Region 

Nation 

$  35,500 


5,280 

71,000 

4,640 

$116,420 


$  5,900  i/ 
2,000 

80 

$  7,980 

$108,440 


0 
0 
0 


$7,410 
0 
0 

$77410 
$-7,410 


\J  Amortized  construction  cost  x  .3  +  OM&R 

2/  Irrigation  benefit  x  2.0 

_3_/  Sponsor's  share  of  amortized  cost  less  land  rights 

4/  Land  rights  cost  amortized  <§>   6  1/8%  for  25  years 
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Social  Well -Being  Account 

A.  Income 

1.  Net  income  on  20  ranches  would  be  increased  about  $32,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production. 

3.  Community  income  would  be  increased  an  average  of  $100,000  annually 
because  of  increased  employment  and  business  generated  by  project 
installation  and  project  output. 

k.      Community  income  would  be  stabilized  by  more  dependable  agricultural 
production. 

B.  Employment 

1.  Production  of  increased  agricultural  output  will  create  about  3 
seasonal  onfarm  jobs. 

2.  Increased  agricultural  output  will  generate  about  2  full  time  jobs 
in  the  agribusiness  industry  of  the  region. 

3.  Producing  the  increased  agricultural  output  of  the  project  will  more 
efficiently  utilize  the  presently  underemployed  labor  resources 
committed  to  ranches  in  the  project  area. 

C.  Life,  health,  and  safety 

1.  Increased  income  would  allow  beneficiaries  to  participate  more 
actively  in  social,  cultural,  recreational,  and  community  activities 
of  the  region. 

2.  The  threat  of  flooding  to  residences,  commercial  establishments,  and 
highways  because  of  ditch  failure  above  Lander  will  be  removed. 

Environmental  Quality  Account 

1.  Erosion  will  be  reduced  as  banks  are  stabilized  and  seepage  problems 
reduced. 

2.  Alkaline  soil  conditions  caused  by  canal  seepage  may  be  alleviated 
ove  r  t  i  me . 
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UPPER  BADWATER  CREEK 

SUMMARY 

A  planned  multipurpose  reservoir  to  be  located  in  the  upper  reaches  of  Badwater 
Creek  will  provide  supplemental  water  for  the  1,700  acres  of  irrigated  pasture 
and  hayland  in  the  Upper  Badwater  Creek  Watershed.   Water  available  from  the 
reservoir  will  extend  the  irrigation  season  about  one  month  for  the  irrigated 
land  that  now  has  a  severe  water  shortage.   Reduced  floodwater  and  erosion  dam- 
ages also  will  result  from  the  detention  of  floodwater  in  the  reservoir. 

The  estimated  average  annual  primary  benefits  from  irrigation  are  $^5,000;  the 
estimated  average  annual  primary  benefits  from  damage  reduction  are  $6,070. 
The  estimated  annual  cost  is  $51,150.   The  water  depletion  resulting  from  the 
proposed  project  is  about  600  acre  feet  per  year. 

LOCATION  AND  DESCRIPTION  . 

The  Upper  Badwater  Watershed  is  located  in  Fremont  and  Natrona  Counties,  Wyoming, 
in  the  extreme  northeast  part  of  the  Wind  River  Basin.   The  watershed  begins  in 
the  south  end  of  the  Big  Horn  Mountains  at  an  elevation  of  about  9,000  feet  and 
extends  to  a  point  about  two  miles  downstream  from  the  town  of  Lysite  at  an 
elevation  of  about  5,000  feet.   Major  tributaries  that  are    included  are  Sioux 
Creek,  Clear  Creek,  and  Dry  Fork  Badwater  Creek. 

The  watershed  is  about  200  square  miles  in  size.   Use  is  largely  range;  about 
10  percent  is  forested.   The  privately  owned  land,  about  ^0  percent  of  the  total, 
lies  mainly  along  the  streams.   Nearly  one-half  of  the  area  is  administered  by 
the  Bureau  of  Land  Management. 

Most  of  the  population  is  centered  in  the  two  small  towns  of  Lysite  and  Lost 
Cabin.   A  majority  of  the  working  force  is  employed  by  the  oil  industry  and  the 
railroad.   Ranching  and  farming  operations  consist  of  about  six  ranches  scattered 
along  the  Badwater  Creek  and  its  tributaries. 

Irrigated  Area 

There  are  about  1,700  acres  of  irrigated  hay  and  pasture  land  in  the  watershed. 
Irrigated  land  is  located  along  the  Badwater  Creek  at  elevations  of  about  6,000 
feet  to  5,000  feet. 

PROBLEMS  AND  NEEDS 

Floodwater  Damages 

Floodwater  damages  in  the  Upper  Badwater  Watershed  are  primarily  to  agricultural 
properties  along  Badwater  Creek  below  Sioux  Creek.   Floodwater  comes  from  Upper 
Badwater  Creek  and  the  Dry  Fork  of  Badwater.   The  damage  is  mostly  to  irrigated 
hayland  and  occurs  almost  annually  due  to  heavy  summer  thunderstorms.   The 
largest  recent  event,  estimated  at  a  three  percent  chance  of  occurrence,  occurred 
in  1968  when  250  acres  of  irrigated  hayland  were  inundated  due  to  a  heavy  summer 
rainfal 1 . 
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Sediment  and  Erosion 

Streambank  erosion  is  active  over  the  lower  watershed,   The  U.  S.  Geological 
Survey  estimates  the  annual  sediment  yield  to  Boysen  Reservoir  from  the  Badwater 
Creek  drainage  to  be  30A.800  tons.   Of  this  total  approximately  10  percent 
originates  within  the  Upper  Badwater  Watershed.   It  is  estimated  that  stream- 
bank  erosion  causes  the  loss  of  four  acres  and  the  depreciation  of  another  four 
acres  of  irrigated  hayland  annually  in  the  watershed. 

Agricultural  Water  Management 

The  lack  of  a  full  season  supply  for  the  irrigated  lands  is  the  most  critical 
problem  in  the  watershed.   Water  rights  are  recorded  for  over  4,^*00  acres  of 
irrigated  land.   Presently,  only  1,700  acres  in  four  ranch  units  are  being  irri- 
gated.  Yields  on  these  1,700  acres  are  severely  limited  by  the  shortage  of  water. 
Irrigation  systems  along  the  creek  are  the  contour  ditch  type,  typical  of  the 
higher  elevation  areas  of  the  western  United  States. 

PROPOSED  PROJECT 

A  reservoir  on  Badwater  Creek  with  a  storage  capacity  of  850  acre-feet  will 
extend  the  irrigation  season  for  an  average  of  one  month  on  the  1,700  acres  of 
irrigated  land  in  the  watershed  area. 

Eng  i  neer  i  ng 

The  structural  work  is  an  earth  dam  on  Badwater  Creek  above  Dry  Fork  Badwater 
Creek  in  Sec.  28,  T39N,  R89W.   The  dam  will  be  68  feet  high.   The  reservoir 
capacity  for  irrigation  water  storage  is  850  acre-feet.   Associated  storage 
capacity  of  150  acre-feet  for  sediment  and  770  acre-feet  for  floodwater  will 
insure  the  needed  capacity  to  protect  the  structure  from  floodwater. 

The  water  stored  in  the  irrigation  reservoir  will  be  released  into  Badwater 
Creek  to  be  picked  up  by  existing  diversion  structures  downstream. 

Structure  data  is  shown  in  Tables  1  and  2. 
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DISPLAY  OF  ACCOUNTS 

National  Economic  Development  Account 

Beneficial  Effects 

Irrigation  $45,000 

Flood  Prevention  1,400 

Sediment  Damage  Reduction  140 

Erosion  Reduction  4,530 

Externalities  5,600 

Total  Beneficial  Effects        $56,70()i/' 
(Annual  equivalent  values) 

Adverse  Effects 

Installation  Cost  $47,600 

Annual  OM&R  3,550 

Total  Annual  Cost  $51,150 

Net  Beneficial  Effect  $  5,550 

1/Totals  may  not  check  due  to  rounding. 
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Regional  Development  Account 
Beneficial  Effects 


Region 

Adjacent 
Region 

Rest  of 
Nation 

ser  Benefits 

Irrigation 

$45,000 

-0- 

-0- 

Flood  Prevention 

1,400 

-0- 

-0- 

Sediment  Damage  Reduction 

140 

Erosion  Reduction 

4,530 

Regional  Benefits 

Employment  Impact-  $14,300 

Induced  and  Stemming  from  2/   90,000 


Externalities 

Total  Beneficial  Effect 
(Annual  equivalent  value) 


Adverse  Effects 
Investment 
OM&R 


4/ 


Externalities- 
Total  Adverse  Effects 
(Annual  equivalent  value) 

Net  Beneficial  Effect 


5,600 
$160,970 

$  16, 400^ 
3,550 
600 
$  20,650 

$140,320 


$31,200 


$31,200 
■$31,200 


l_/Amortized  Construction  Cost  x  .30  +  OM&cR 
2/Irrigation  Benefits  x  2.0 

3/Sponsors  Share  of  Amortized  Cost  Less  Land  Rights 
4/Land  Rights  Amortized  @  6  1/87.  interest  for  100  Yrs , 
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Social  Well  Being  Account 

A.  Income 

1.  Net  income  on  four  ranches  would  be  increased  about  $36,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more  reli- 
able crop  production  and  a  decrease  in  loss  of  productive  land. 

3.  Community  income  would  be  increased  an  average  of  $140,000  annually 
because  of  increased  employment  and  business  generated  by  project 
installation  and  project  output. 

4.  Community  income  would  be  stabilized  by  more  dependable  agricultural 
production. 

B.  Employment 

1.  Project  installation,  operation,  and  maintenance  will  provide  an 
average  annual  of  one  full  time  job. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  four  seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generage  about  an  additional 
two  full  time  jobs  in  the  agribusiness  industry  of  the  region. 

4.  Producing  the  increased  agricultural  output  of  the  project  will 
more  efficiently  utilize  the  presently  underemployed  labor  resources 
committed  to  ranches  in  the  project  area. 

C.  Life,  Health,  and  Safety 

1.  Increased  income  would  allow  beneficiaries  to  participate  more 
actively  in  social,  cultural,  recreational,  and  community  activities 
of  the  region. 

2.  Increased  agricultural  production  during  the  last  half  of  the  growing 
season  would  reduce  fire  hazards  because  of  the  larger  amount  of  lush 
vegetation. 

3.  Increased  irrigation  water  supply  would  serve  as  a  fire  fighting 
source  of  water. 
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Environmental  Account: 

1.  Irrigation  water  storage  would  provide  habitat  for  waterfowl  at  the 
pool  with  maximum  surface  area  of  70  acres. 

2.  The  fishery  habitat  will  be  improved  because  of  a  reduction  in  stream- 
bank  erosion. 

3.  Improved  irrigation  water  supply  and  irrigation  water  management 
would  reduce  erosion  on  irrigated  cropland. 

4.  Development  of  irrigation  water  would  commit  about  70  acres  of  range- 
land  to  a  water  storage  use. 

5.  Erosion  during  construction  and  revegetation  would  be  increased  on 
about  100  acres. 
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UPPER  BEAVER  CREEK 
SUMMARY 


Storage  of  about  9,400  acre-feet  of  water  for  irrigation  and  development 
of  about  15  miles  of  canal  will  provide  a  full  irrigation  water  supply  to 
about  1,587  acres  of  dry  agricultural  land  and  adequate  supplemental  supply 
to  916  acres  of  presently  irrigated  land  and  297  acres  of  land  that  will  be 
irrigated  without  project. 

The  irrigated  land  lies  along  Beaver  Creek.   Water  from  Beaver  Creek  will 
be  used  for  production  of  forage  crops  for  livestock. 

The  estimated  annual  cost  of  project  measures  is  $  92,500.   Average  annual 
primary  benefits  from  irrigation  are  $119,420;   average  annual  primary 
benefits  from  damage  reduction  are  $2,754. 

The  estimated  increase  in  water  depletion  with  project  is  5,000  acre-feet 
per  year. 


LOCATION  AND  DESCRIPTION 

The  Upper  Beaver  Creek  Watershed  is  located  in  southern  Fremont  County, 
Wyoming.   The  drainage  heads  in  the  Wind  River  Mountains  near  Atlantic  City 
and  empties  into  the  Little  Wind  River  about  5  miles  southwest  of  Riverton. 
The  watershed  is  about  12  miles  wide  and  40  miles  long.   U.S.  Highway  287 
bisects  the  watershed  in  a  northwesterly  direction,  and  Wyoming  Highway  28 
crosses  the  upper  end  of  the  watershed.   There  are  no  urban  centers  in  the 
watershed.   Five  operating  ranches  are  headquartered  near  the  creek. 
United  States  Steel  Corporation  operates  an  iron  ore  mine  which  extends 
into  the  upper  end  of  the  watershed.   The  Beaver  Creek  Oil  and  Gas  Field 
and  the  Big  Sand  Draw  Oil  and  Gas  Field  are  in  the  lower  end  of  the  water- 
shed. 

There  are  180,744  acres  in  the  watershed,  of  which  22  percent  are  privately 
owned,  8  percent  state  owned,  68  percent  administered  by  the  Bureau  of  Land 
Management  and  2  percent  in  the  Shoshone  National  Forest.  Less  than  1  per- 
cent is  used  for  cropland  and  about  2  percent  is  forested;  the  remaining 
97  percent  is  rangeland.  The  present  agricultural  use  is  primarily  cattle 
and  sheep  ranching.  The  cropland  now  produces  hay  and  pasture  for  ranching 
operation. 


PROBLEMS  AND  NEEDS 

Floodwater  and  sediment  damages  in  the  watershed  are  relatively  low.   Some 
flooding  has  occurred  above  U.  S.  Highway  287,  causing  damage  to  crops  and 
other  agricultural  properties.   The  largest  recent  flood  occurred  in  June, 
1969.   Minor  damage  was  done  to  canals,  fences  and  irrigation  structures. 
Infrequent  storms  or  rapid  snowmelt  conditions  have  flooded  areas  in  the 
lower  watershed,  but  damages  have  been  negligible.   Sediment  produced  in 
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the  watershed  is  deposited  via  the  Wind  River  into  the  Boysen  Reservoir 
reducing  its  storage  capacity  and  damaging  wildlife  habitat  in  the  river. 

The  primary  problem  is  the  lack  of  irrigation  water  during  the  summer  and 
fall.   Beaver  Creek  is  a  snowmelt  stream  having  high  flows  in  the  early 
spring  and  very  low  flows  during  the  summer  and  fall.   There  are  about  916 
acres  in  scattered  tracts  along  the  creek  which  are  presently  irrigated  by 
direct  flows.   Because  of  the  short  water  supply,  yields  are  about  one- 
third  of  their  potential. 

There  have  been  attempts  to  irrigate  additional  lands,  but  the  lack  of  a 
dependable,  full  season  water  supply  has  caused  most  of  these  attempts  to 
be  abandoned.   A  few  acres  receive  a  full  irrigation  supply  from  artisian 
wells  developed  from  abandoned  oil  wells.   Yields  on  these  lands  are  more 
than  three  times  greater  than  those  on  other  irrigated  lands.   The  ranchers 
have  indicated  they  intend  to  irrigate  297  additional  acres  along  the  creek 
(conservation  farm  plans).   These  lands  will  also  receive  only  a  short 
season  supply. 

The  lower  two  ranches  have  had  to  rely  almost  entirely  on  dryland  hay  for 
winter  feeds  because  of  the  lack  of  irrigation  water.   The  principal  crop 
on  these  lands  is  crested  wheatgrass.   Yields  range  from  .75  ton  per  acre 
during  good  years  to  no  hay  production  in  poor  years,  or  an  average  of 
about  one-half  ton. 


PROPOSED  PROJECT 

An  irrigation  water  storage  reservoir  on  Beaver  Creek  will  provide  supple- 
mental water  for  916  acres  of  land  that  are  presently  irrigated  and  297 
acres  of  land  that  are  planned  for  irrigation  without  project.   A  full 
season  supply  of  irrigation  water  will  also  be  provided  to  1,587  acres  of 
dry  agricultural  land. 

Flood  prevention  benefits  will  also  result  from  the  storage  of  water  in 
the  reservoir. 

Engineering 

Structural  measures  include  a  125-foot  high  earth  dam  in  Beaver  Creek  in 
Section  15,  T30N,  R97W,  and  about  15  miles  of  canal  enlargement  and 
extension. 

The  dam  will  form  a  reservoir  with  a  capacity  of  9,400  acre-feet  for  irri- 
gation water,  1,600  acre-feet  for  sediment  storage  and  3,500  acre-feet 
for  floodwater  detention.   The  water  stored  in  the  reservoir  will  be 
released  as  needed  and  will  flow  in  the  existing  creek  bed  to  diversion 
locations  along  the  creek. 

The  Samuel  P.  Large  Canal,  which  is  served  by  a  diversion  from  Beaver 
Creek  in  Section  19,  T31N,  R96W,  will  be  enlarged  throughout  the  present 
length  of  about  7  miles.   An  extension  of  the  canal  will  be  constructed 
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for  an  additional  8  miles.   The  enlargement  of  the  canal  and  an  extension 

to  the  vicinity  of  the  Bringolf  ranch  will  provide  irrigation  water  to 

2,650  acres  of  land.   The  other  150  acres  will  be  irrigated  from  the 
existing  systems. 

The  present  capacity  of  the  Large  canal  is  20  c.f.s.   Capacity  of  the  en- 
larged canal  will  be  47  c.f.s. 

Structure  data  is  shown  in  Tables  1,  2  and  3. 


TABLE  1 


STRUCTURE  DATA-DAM 


Drainage 
Area 

Est. 
Height 
of  Dam 

Est. 
Volume 
of  Fill 

Princ. 

Spillway 

Emerg. 

Spillway 

Max.  Surf.  Area' 

Type 

Release 
Rate 

Type 

%  Chance 
of  Use 

Em.  Spill  Level 

Sq.  Mi. 
92 

Feet 
125 

Cu.  Yd. 
355,000 

Drop 
Inlet 
R.  C. 
Conduit 

CSM 
6 

Veg. 

2 

Acres 
430 

1 

i 

TABLE  2  -  STRUCTURE  DATA-CANAL 


Canal  Name 

Length 

Capacity 

Bottom 
Width 

Flow 
Depth 

Velocity 

Volume  of 
Excavation 

Miles 

CFS 

Feet 

Feet 

FPS 

C.Y. 

Samuel  P.  Large 

6.7 

47 

3.0 

2.5 

2.3 

10,500 

(Enlargement) 

Samuel  P.  Large 

8.0 

35 

2.0 

2.0 

2.8 

38,100 

(Extension) 

TABLE  3  -  RESERVOIR  STORAGE  CAPACITY 


Drainage 
Area 

STORAGE  CAPACITY  PLANNED 

Additional 
Storage  Capacity 
Available 

Sediment 

Detention 

Irrigation 

Total 

Sq.  Mi. 
92 

/ 

cre-feet  (ir 

3,500 
(0.7) 

ches  equiv. ) 

9,400 
(1.9) 

14,500 
(2.9) 

Acre-feet 
None 

1,600 
(0.3) 
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The  estimated  construction  costs  are:   1.   Dam       $639,000 

2 .   Canal     $383.,400 
TOTAL       $1,022,400 

The  estimated  annual  operation  and  maintenance  cost  is: 

1.  Dam         $3,250 

2.  Canal        4,800 
TOTAL  $8,050 

Estimated  installation  cost  and  annual  costs  are  shown  in  Tables  4  and  5, 


TABLE  4  -  DISTRIBUTION  OF  STRUCTURAL  COST 


(Dollars)!/ 


Structural 
Measures 

Construction 

Engineering 
Services 

Land,  Easements 
and  R.W. 

Project 
Admin. 

Install. 
Cost. 

Dam 
Canal 

639,000 
383,400 

95,900 
57,500 

29,400 
1,200 

106,500 
63,900 

870,800 
506,000 

TOTAL 

1,022,400 

153,400 

30,600 

170,400 

1,376,800 

1/  Price  base:   1975 


TABLE  5  -  ANNUAL  COST 


(Dollars) 


1/ 


Evaluation  Unit 

Amortization  of 
Installation  Cost  ±J 

Operation  and 
Maintenance  Cost 

Total 

Dam  and  Canal 
Project  Administration 

7^,050 
10,450 

8,050 

82,100 
10,450 

GRAND  TOTAL 

84,500 

8,050 

92,500 

J7   Price  base:   1975 

2/   100  years  @  6  1/8  percent  interest, 


The  present  irrigated  land  is  used  for  hay  and  pasture.   With  project,  forage 
production  will  continue  as  the  primary  use.   Small  grain  will  be  used  for 
reestablishment.   Water  application  is  by  surface  methods.   The  use  of 
sprinklers  is  applicable,  but  the  project  is  expected  to  be  gravity  irriga- 
tion.  Improved  water  management  is  needed  with  full  season  supply.   New 
on-farm  systems  will  be  needed  on  the  nearly  1,600  acres  of  new  irrigation. 

T  (j| 
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Soils 

Predominant  soils  in  the  area  to  be  irrigated  are: 

1.  Patent  clay  loam:   a  very  deep  clay  loam  soil  with  moderately  slow 
permeability  (intake  family  0.5)  and  high  available  water-holding  capacity 
(AWC  over  9  inches  in  the  5  foot  root  zone). 

2.  Elkol  clay  loam:   a  very  slowly  permeable  clay  loam  (intake  family  0.3) 
with  a  moderate  water  holding  capacity  (AWC  =  6  inches  to  9  inches, in  the 
60  inch  root  zone).   The  soil  is  very  deep  and  is  strongly  alkaline. 

3.  Havre  clay  loam:   a  very  deep  stratified  soil  with  a  clay  loam  surface. 
The  soil  is  moderately  permeable  (intake  family  1.0)  with  a  high  water 
holding  capacity  (AWC  over  9  inches  in  the  60  inch  root  zone). 

Hydrology 

The  source  of  water  would  be  Beaver  Creek,  a  tributary  of  the  Little  Wind 
River. 

A  short  (3  year)  streamflow  record  and  some  miscellaneous  measurements  are 
available  a  considerable  distance  downstream  from  the  proposed  site.   For 
this  study  a  preliminary  estimate  of  the  yield  at  the  site  was  made  from 
this  data.   The  50%  chance  yield  was  estimated  at  13,000  acre-feet  per 
year  and  the  80%  chance  at  10,000  acre-feet  per  year. 

It  is  estimated  that  the  9,400  acre-feet  of  proposed  storage  is  available 
in  the  stream  at  least  8  years  out  of  10.   Existing  downstream  diversion 
rights  in  excess  of  crop  demands  would  have  to  be  stored  during  the  spring 
months  to  fill  the  reservoir  and  meet  peak  demands  later  in  the  season. 

The  climate  within  the  watershed  is  suitable  for  most  of  the  crops  that  are 
irrigated  in  Wyoming.   Water  needs  are  estimated  for  forage  with  enough 
grain  for  reestablishment .   Estimated  consumptive  use  is  24  inches  per  year. 
Estimated  net  irrigation  requirement  is  about  20  inches.   Water  needs  were 
determined  to  be  3.36  acre-feet  per  a,  ,800  acres,  or  a  total  of 

9,400  acre-feet.   The  estimated  average      il  water  depletion  resulting 
from  project  development  is  5,000  acre-fei 

A  water  quality  monitoring  station  is  located  near  the  mouth  of  Beaver 
Creek.   The  water  .at  this  point  in  the  stream,  while  suitable  for  irriga- 
tion of  the  crops  grown,  has  a  high  to  very  high  salinity  hazard  and  at 
times  of  very  low  flow  a  medium  sodium  hazard.  Extreme  low  flow  periods, 
however,  are  during  the  winter  months.   While  no  known  data  is  available 
upstream,  it  is  expected  that  the  water  quality  at  the  proposed  site  is 
considerably  better. 

Economics 

Estimated  average  annual  flood  prevention  benefits  are  $2,754.   Flooding 
from  intensive  summer  storms  below  the  structure  could  still  occur. 
However,  the  present  average  annual  damages  would  be  reduced  to  a  negli- 
gible amount. 
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The  9,400  acre-feet  of  agricultural  water  storage  would  provide  a  reliable, 
full  season  water  supply  for  2,800  acres  of  irrigated  cropland.   This 
would  include  a  supplemental  supply  for  1,213  acres  which  are,  or  would 
be,  irrigated  without  the  project,  and  a  full  supply  for  821  acres  of  dry 
hayland  and  766  acres  of  rangeland.   The  presently  irrigated  lands  are 
used  for  the  production  of  alfalfa  and  grass  hay  with  enough  small  grain 
to  establish  the  hay  crops.   Because  of  the  short  water  supply,  present 
yields  are  low.   With  full  potential  development  there  would  be  only  a 
slight  change  in  the  rotation  of  crops  on  these  lands,  but  yields  would 
more  than  double.   Net  annual  income  would  increase  by  $39  per  acre  on  the 
land  receiving  a  supplemental  water  supply. 

The  lands  which  are  used  for  dry  hayland  (821  acres)  produce  crested  wheat- 
grass  hay.   These  lands  have  been  tilled  and  stands  established  when  neces- 
sary.  Yields  have  been  low  because  of  the  arid  climate.   With  the  full 
potential  development  these  lands  could  be  used  to  produce  crops  in  the 
same  rotation  as  the  other  irrigated  land.   Net  annual  income  per  acre  will 
increase  about  $42  after  accounting  for  associated  costs  of  land  develop- 
ment. 

The  other  lands  which  would  be  placed  under  irrigation  (766  acres)  are 
presently  used  for  rangeland.   With  the  full  potential  development  they 
could  be  used  to  produce  crops  in  the  same  rotation  as  the  other  irrigated 
lands.   Net  annual  income  per  acre  could  increase  about  $50  after  account- 
ing for  the  associated  costs  of  land  development. 

Cost  allocation  and  comparison  of  benefits  and  costs  are  shown  in  Tables 
6  and  7 . 

TABLE  6  -  COST  ALLOCATION 

(Dollars)!/ 


Item 

COST  ALLOCATION  PURPOSE 

Flood 
Prevention 

Irrigation 

Total 

Dam 

35,700 

728,600 

764,300 

Canal 

442,100 

442,100 

GRAND 
TOTAL- 

35,700 

1,170,700 

1,206,400* 

*  Project  administration  not  included 
1/  Price  base:   1975 
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TABLE  7  -  COMPARISON  01 


■FITS  AND  COSTS  FOR  STRUCTURAL  MEASURES 


(Dollars) 


Evaluation 
Unit 

AVERAGE  ANNUAL  BENEFITS  1/ 

Total 

Avg.2/ 
Annual 
Cost 

Benefit 
Cost 
Ratio 

Damage 
Reduction 

Irrigation 

• 

Secondary 

Dam  &  Canal 

2,7541/ 

19,548 

141,722 

82,100 

1.7:1.0 

Project 
Administration  | 

10,450 

GRAND  TOTAL 

2,754        119,420      19,548 

141,722 

92,550 

1. 5:1.0 

J7  Price  base:   Current 
2/   Flood  1414  and  Sedime 
3/  Price  base:   1975 
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DISPLAY  OF  ACCOUNTS 


National  Economic  Development  Account   (values  are  rounded) 

Beneficial  effects 

Irrigation  $119,400 

Flood  prevention  2,750 

Externalities  19,550 

Total  beneficial  effects  $141,700 
(average  annual  value) 

Adverse  effects 

Installation  cost  $  84,500 

Annual  OM&R  8,000 

Total  annual  cost  $  92,500 

Net  beneficial  effects  $  i+9,200 


Regional  Development  Account  (values  are  rounded)  Adjacent   Rest  of 

Region     Region   Nation 
Beneficial  effects 

User  benefits 

Irrigation  $119,400      0        0 

Flood  control  2,750      0        0 

Regional  benefits 

Employment  impacts!'  26,900              0 

Induced  and  stemming  from?./  238,800      0        0 

Externalities  19,550      0        0 

Total  beneficial  effects  $407,400 
(annual  equivalent  value) 

Adverse  effects 

Investment  $  30,000l/    0     $52,500 

OM&R  8,000      0        0 

Externalities^/  2,000      0        Q 

Total  adverse  effects  $  40,000           $52,500 
(annual  equivalent  value) 

Net  beneficial  effects  $367,400          -$52,500 


1_/   Amortized  construction  cost  X  .  30  +  OM&R 

2/      Irrigation  benefit  X  2.0 

3/   Sponsors'  share  of  amortized  costs  less  land  rights 

4/   Land  rights  amortized  at  6  1/8%  for  100  years 
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Social  Weil-Being  Account 

A.  Income 

1.  Net  income  on  5  ranches  would  be  increased  about  $100,000  annually. 

2.  Ranch  income  would  be  stabilized  because  of  increased  and  more 
reliable  crop  production. 

3.  Community  income  would  be  increased  an  average  of  $365,000 
annually  because  of  increased  employment  and  business  generated  by 
project  installation  and  project  output. 

4.  Community  income  would  be  stabilized  by  more  dependable  agricul- 
tural production. 

B.  Employment 

1.  Project  installation,  operation  and  maintenance  will  provide  an 
average  annual  of  2  full  time  jobs. 

2.  Production  of  increased  agricultural  output  will  create  about  an 
additional  10  seasonal  on-farm  jobs. 

3.  Increased  agricultural  output  will  generate  about  an  additional 
5  full  time  jobs  in  the  agribusiness  industry  of  the  region. 

4.  Producing  the  increased  agricultural  output  of  the  project  will 
more  efficiently  utilize  the  presently  underemployed  labor  re- 
sources committed  to  ranches  in  the  project  area. 

C.  Life,  health  and  safety 

1.  Increased  income  would  allow  beneficiaries  to  more  actively  parti- 
cipate in  social,  cultural,  recreational  and  community  activities 
of  the  region. 

2.  Increased  irrigation  water  supply  would  serve  as  a  fire  fighting 
source  of  water. 
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Environmental  Quality  Account: 

A.  Irrigation  water  storage  would  provide  habitat  for  waterfowl  in  a 
permanent  sediment  pool  and  the  perimeter  area  of  about  400  acres. 

« 

B.  Irrigation  water  storage  would  provide  habitat  for  fish.   The  sediment 
pool  of  1,600  acre-feet  can  be  used  while  available.   The  period  of 
streamflow  below  the  reservoir  will  be  extended. 

C.  About  1,600  acres  of  non-irrigated  hayland  and  range  will  be  converted 
to  irrigated  fields. 

D.  Development  of  the  irrigation  water  reservoir  would  commit  about  400 
acres  of  rangeland  to  a  water  storage  use. 

E.  Erosion  during  construction  and  revegetation  would  be  increased. 

F.  The  increased  production  on  private  land  could  reduce  the  pressure  on 
native  range  for  grazing,  resulting  in  improved  ground  cover  and 
reduced  sediment  yield. 
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GLOBE  CANAL 


The  Globe  Canal  was  suggested  by  SCS,  Casper,  as  a  potential  project 
for  canal  rehabilitation  to  be  evaluated  for  the  Yellowstone  Basin 
and  Adjacent  Coal  Area,  Level  B  Study  in  1976  and  was  included  as 
a  potential  in  the  SCS  issue  paper  of  April  1976. 

At  a  field  reconnaissance  of  the  canal  area  by  SCS  personnel  from 
the  Field  Office,  Area  Office,  and  Water  Resources  Planning  Staff 
on  November  k,    1976,  it  was  determined  that  much  of  the  rehabilitation 
of  the  canal  has  been  performed  and  that  the  remaining  problem,  of 
a  river  diversion,  can  best  be  planned  as  a  single  structure  plan 
under  a  going  program. 

The  Globe  Canal  is  an  irrigation  canal  that  diverts  from  the  Shoshone 
River  about  6  miles  upstream  from  Lovel 1  and  serves  about  2,500  acres 
of  land  in  the  Lovel 1  area  on  the  south  side  of  the  Shoshone  River. 
A  number  of  needed  structures  have  been  installed  in  the  canal  in 
recent  years.  The  canal  appears  to  be  maintained  in  serviceable 
condition.  There  does  not  appear  to  be  a  serious  water  supply  problem. 
Drainage  of  irrigated  land  is  being  carried  out  as  needed.  The  major 
structural  problem  now  appears  to  be  the  diversion  from  the  river. 
The  problem  of  a  diversion  will  most  probably  be  solved  as  a  one- 
structure  plan  under  one  of  the  existing  programs.   There  no  longer 
appears  to  be  a  need  for  a  project  approach  to  the  canal  rehabilitation. 


November  1976 
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HEART  MOUNTAIN  ESTATES 


Heart  Mountain  Estates  is  one  of  several  RC&D  measure  proposals  to 
rehabilitate  or  improve  the  irrigation  distribution  systems  and  on- 
farm  systems  below  the  Heart  Mountain  Canal  in  the  Shoshone 
Irrigation  Project.  The  project  was  named  in  the  SCS  issue  paper 
as  containing  areas  that  may  be  potential  small  agricultural  projects. 
A  project  screening  in  March  1976  indicates  that  two  more  such  areas 
may  become  measure  applications. 

A  field  reconnaissance  of  the  Heart  Mountain  Estates  area  was  made 
November  3,  1976.   The  area  of  about  100  acres  was  irrigated  for 
agricultural  production  and  has  now  been  subdivided  into  16 
ownerships.   The  development  of  houses,  driveways,  corrals,  and 
outbuildings  suggest  that  no  more  than  two-thirds  of  the  area  may 
remain  in  hay  and  pasture  after  the  initial  development  is  complete. 
Ditch  linings  or  pipe  may  be  used  to  improve  delivery  to  each  owner- 
ship and  improvement  may  be  carried  out  as  an  RC&D  measure.   Because 
there  will  be  little  impact  on  water  quality  or  quantity  or  on 
efficiency  of  agricultural  production  it  will  not  be  evaluated  as 
a  potential  project  in  the  Yellowstone  Level  B  Study. 
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LITTLE  AND  MIDDLE  POPO  AGIE  RIVERS 


While  selecting  projects  to  be  evaluated  for  the  USBR  program 
of  Total  Water  Management  of  the  Missouri  River  above  Gavins  Point, 
the  SCS  selected  the  area  of  the  Little  Popo  Agie  and  Middle  Popo 
Agie  Rivers  "to  Lander"  for  further  study. 

The  Middle  Popo  Agie  River  area   was  the  subject  of  a  PL  566  appli- 
cation about  1967.   Problems  that  were  identified  included  water 
supply  for  the  City  of  Lander,  flooding  in  Lander  and  irrigation 
water  supply  and  distribution  system  improvement  for  two  of  the 
major  irrigation  systems:   Nicol-Table  Mountain  Ditch  Company  and 
Enterprise  Irrigation  and  Power  Company. 

City  water  supply  problems  were  largely  those  of  intake  and 
distribution,  which  do  not  lend  themselves  to  PL  566  project 
solution.   Flood  damage  from  the  frequent  events  (up  to  1%  chance) 
would  not  support  a  major  investment  in  structural  control  measures. 
Protection  against  damage  from  less  frequent  flood  events  would  be 
under  the  jurisdiction  of  the  Corps  of  Engineers.   Irrigation 
interests  were  advised  to  install  small  parts  of  their  needed 
structural  works  through  group  facility  pooling  agreements.   Findings 
of  the  preliminary  investigation  were  presented  in  the  form  of 
letters  to  each  of  the  three  local  sponsors- in  November  1969. 

The  Middle  Popo  Agie  River  and  the  Little  Popo  Agie  River  were 
investigated  for  project  action  in  the  Wind-Bighorn-Cl arks  Fork 
River  Basin,  Type  IV  Study.   A  number  of  alternative  sites  in  the 
Little  Popo  Agie  River  drainage  area  were  considered  for  multipurpose 
reservoirs.   No  feasible  project  was  identified  and  no  WIR  was 
prepared. 

Worthen  Meadows  Reservoir,  located  on  a  tributary  of  the  Middle 
Popo  Agie  River,  was  a  RC&D  Farm  Irrigation  Project  Measure  proposal 
in  1975  and  was  listed  in  the  SCS  issue  paper  in  April  1976  as  a 
potential  project  to  be  evaluated  for  the  Yellowstone  Level  8  Study. 
The  reservoir  stores  water  for  the  City  of  Lander.  The  dam  forming 
the  reservoir  is  an  earth  structure  about  *+6  feet  high.  A  field 
reconnaissance  report  in  December  1975  explains  that  the  principal 
spillway  is  in  poor  condition  and  threatens  to  collapse.   No  change 
in  storage  or  use  of  water  is  planned  and  the  structure  repair  was 
not  evaluated  for  the  Yellowstone  Level  B  Study. 

Christina  Lake,  near  the  headwaters  of  Little  Popo  Agie  River  has 
been  suggested  as  a  potential  project.   The  dam  forming  the  lake 
is  said  to  be  a  rock  and  plank  structure  that  needs  to  be  rebuilt. 
This  is  another  project  of  replacing  one  structure,  with  no  plan  to 
change  water  use,  and  was  not  evaluated  for  the  Level  B  Study. 
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The  Xay-landiytch  Flats  Pi  tch  and  Cemetery  Pitch  are  irrigation 
ditches  that  serve  a  combi  ned^~aTea~~©£-ahnut  3.000  acres  with  water 
from  the  Middle  Popo  Agie  River.   The  irrigated  area,    which  is 
southeast  of  Lander  and  lies  in  both  the  Middle  and  Little  Popo 
Agie  drainages,  is  an  RC&O  Farm  Irrigation  Project  Measure.   It  is 
the  only  small  agricultural  project  proposal  in  the  Popo  Agie 
drainage  that  has  been  evaluated  for  the  Yellowstone  Basin  and 
Adjacent  Coal  Area,  Level  B  Study. 

About  17,000  acres  are   irrigated  in  the  area  of  the  Middle  and 
Little  Popo  Agie  Rivers  "to  Lander",   There  are  direct  diversion 
rights  from  the  two  rivers  to  irrigate  about  27,000  acres  from 
about  180  diversion  points.  About  three-fourths  of  the  acres  with 
water  rights  are  being  irrigated.-  There  are  additional  direct 
diversion  rights  from  North  Popo  Agie  River  to  irrigate  more  than 
9,000  acres. 

Areas  irrigated  from  one  river  system  overlap  areas  irrigated  from 
adjoining  river  systems.   Lands  having  water  rights  from  more  than 
one  of  the  Popo  Agie  River  systems  are  not  unusual.  Water  from 
the  North  Popo  Agie  River  is  brought  into  the  natural  drainage  of 
Middle  Popo  Agie  River.   Nearly  all  of  the  5,^+00  acres  served  by 
the  Ni col -Table  Mountain  and  Enterprise  Oitch  systems  lie  within 
the  natural  drainage  area  of  the  Little  Popo  Agie  River.  Also, 
the  Taylor  Ditch  extends  through  Batrum  Gap  and  delivers  water  to 
land  in  Lyons  VaJley  along  the  little  Popo  Agie  River. 

Storage  for  irrigation  is  provided  in  Frye  Lake,  a  1,700  acre-foot 
capacity  reservoir  of  the  Enterprise  Ditch  system  and  in  Christina 
Lake,  a  reservoir  on  the  Little  Popo  Agie  River,  in  which  the  Little 
Popo  Agie  Irrigation  District  has  storage  rights.   Frye  Lake  dam 
was  rebuilt  and  enlarged  about  1971.   The  Christina  Lake  structure 
is  said  to  be  in  need  of  major  repair. 

Additional  storage  for  irrigation  is  still  needed  in  the  drainage 
areas.   Storage  sites  at  Gill  Park  and  Petes  Lake  in  the  Middle 
Popo  Agie  drainage  have  been  investigated  as  potential  sites. 

Most  of  the  irrigation  distribution  systems  need  rehabilitation  and 
improvement.   Problems  involve  capacity,  instability,  erosion,  water 
control,  water  loss  and  measurement.   Drainage  and  salinity  are 
problems  on  some  of  the  irrigated  area.  Findings  of  the  preliminary 
investigation  in  1969  were  that  no  major  water  loss  occurs  in  the 
sinks  of  Middle  Popo  Agie  River.  A  smaller  "sink"  in  the  same  river 
in  section  3»  T32N,  R100W,  appears  to  lose  water  and  loss  is  only 
partially  controlled  by  channel  work  at  the  site. 

Flooding  occurs  along  the  Middle  Popo  Agie  River  in  the  City  of  Lander. 
Since  the  severe  flooding  about  1963  the  city  has  improved  the  river 
channel  capacity  by  clearing  and  shaping.   Dikes  have  been  placed  to 
keep  high  water  out  of  the  braided  channels  that  still  exist  in  the 
city. 
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Severe  flooding  occurs  in  the  town  of  Hudson  at  the  confluence 

of  the  Little  Popo  Agie  and  Middle  Popo  Agie  Rivers.   No  acceptable 

plan  has  been  proposed  for  flood  prevention. 

Lander's  water  supply  appears  to  be  adequate  if  the  Worthen  Meadows 
structure  is  maintained  and  used  for  the  City.   Problems  of  water 
line  intakes,  treatment,  distribution  and  local  storage  exist.   The 
dam  at  Worthen  Meadows  reportedly  "threatens  to  fail".   Such  a 
failure  could  adversely  effect  irrigation  of  a  large  acreage  irrigated 
from  the  Middle  Popo  Agie  River. 

The  size  of  the  Popo  Agie  drainage  area  and  the  number  and  variety 
of  water  related  problems  are  such  that  no  complete  plan  for  all  of 
the  problems  on  any  one  tributary  is  likely.   Improvement  can  be 
made  with  individual  structures  or  small  systems,  such  as  the  Taylor- 
Dutch  Flats  measure,  while  giving  consideration  to  the  other  interests 
in  the  watersheds. 


December  1976 
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MIDVALE 


The  Midvale  area  was  evaluated  in  a  Watershed  Investigation  Report 
prepared  for  the  Wi nd-Bighorn-Cl arks  Fork  Type  IV  River  Basin  Study. 
The  report  shows  a  potential  for  development  of  new  irrigation  and 
was  listed  in  the  SCS  issue  paper  in  April  1976  as  a  potential 
project. 

The  area  is  within  the  general  area  of  the  USBR  Riverton  Irrigation 
Project  (now  Pick-Sloan  Missouri  Basin  Program)  and  would  be 
supplied  by  the  existing  project  canal. 

For  the  USBR  program  of  Total  Water  Management  in  the  Missouri 
River  above  Gavins  Point  it  was  agreed  that  the  USBR  would  check 
the  Midvale  proposal  along  with  their  evaluation  of  extension  of 
the  USBR  irrigation  project.  The  Midvale  WIR  therefore  was  not 
reevaluated  by  SCS  for  the  Yellowstone  Level  B  Study. 


August  1976 
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NORTH  FORK  VALLE 


The  North  Fork  Valley  Ditch  was  listed  in  the  SCS  issue  paper  for 
the  Wind-Bighorn-Clarks  Fork  Study  Team  as  a  potential  rehabilitation 
project  as  a  result  of  a  screening  in  March  1976. 
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RIVERTON  WATERSHED 


The  Riverton  Watershed  is  an  area  surrounding  the  LeCl air- 
River  ton  No.  2  and  the  Wyoming  No.  2  canals  in  Central  Fremont 
County.  The  area  is  made  up  of  the  canals  and  the  small  natural 
drainages  that  cross  the  canals.   Included  in  the  watershed  are 
the  City  of  Riverton  and  the  20,000  acres  of  irrigated  land  that 
are  served  by  the  two  canals. 

A  watershed  application  was  submitted  about  1963  and  a  preliminary 
investigation  followed  in  about  1 967 •   The  area  was  selected  to 
be  included  as  a  potential  project  in  the  SCS  issue  paper  prepared 
for  the  Yellowstone  Level  B  Study  Team.  The  area  was  not  considered 
as  a  potential  project  area  in  the  Wi nd-Bighorn-Cl arks  Fork  River 
Basin  Study. 

Although  most  of  the  conditions  described  in  1963  still  exist  and 
there  is  some  interest  in  proposals  to  solve  some  of  the  problems, 
it  does  not  appear  that  we  are  closer  to  defining  a  project  approach 
to  solve  the  watershed  problems  than  we  were  in  1 967 • 

A  preliminary  investigation  proposal  by  the  Soil  Conservation  Service 
in  1968  was  reviewed.   Problems  of  the  area  included  a  short 
irrigation  water  supply  and  poorly  drained  agricultural  lands.  The 
report  indicated -the  water  supply  problem  couJ  d  _be  sol  vecLwi  thout  -~:_ 
additional  storage.   No  specific  proposals  or  feasibility  studies 
were  made  in  relation  to  the  drainage  problem.   The  preliminary 
investigation  did  not  indicate  a  strong  potential  for  a  project  in 
the  near  future. 


December  1976     .  _ 
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SHOSHONE  LAKE  DITCH 


Through  a  screening  process  for  the  Yellowstone  Basin  and  Adjacent 
Coal  Area  Level  B  Study,  the  Shoshone  Lake  Ditch  was  identified  in 
March  1976  as  a  potential  ditch  rehabilitation  project.   It  was 
listed  in  the  SCS  issue  paper  for  the  Wind-Bighorn-Cl arks  Fork 
Study  Area  as  a  potential  project. 

Shoshone  Lake  is  in  the  North  Fork  Popo  Agie  drainage  in  Fremont 
County.  Through  discussion  between  SCS  personnel  from  the  Field 
Office  and  Water  Resources  Planning  Staff  on  October  15,  1976,  it 
was  determined  that  Shoshone  Lake  Ditch  is  not  a  potential  project 
and  should  not  be  evaluated  for  the  Level  B  Study. 
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October  1976 


WORTHEN  MEADOWS 


Worthen  Meadow  Reservior,  which  is  within  the  Popo  Agie  River 
drainage,  was  a  RC&D  Farm  Irrigation  Project  Measure  proposed 
in  1 975-   It  was  named  as  a  potential  small  agricultural  project 
in  the  SCS  issue  paper  prepared  for  the  Yellowstone  Level  B 
Study  Team. 

The  project  was  described  as  the  replacement  of  a  principal  spillway 
in  a  k(>   foot  high  earth  dam.   Since  no  change  in  reservoir  capacity 
or  water  use  is  planned,  the  structure  repair  will  not  be  evaluated 
as  a  potential  project  for  the  Yellowstone  Basin  and  Adjacent  Coal 
Area,  Level  B  Study. 

Worthen  Meadow  Reservoir  is  on  Roaring  Fork  Creek,  a  tributary  to 

the  Middle  Popo  Agie  River.   The  reservoir,  with  a  capacity  of 

about  1 ,500  acre-feet,  stores  water  for  the  City  of  Lander.   Improved 

roads  and  trails  provide  easy  access  and  the  reservoir  and  surrounding 

area  has  heavy  recreational  use  for  camping,  fishing,  and  boating. 

The  dam  is  about  one  mile  upstream  from  the  diversion  structure 

used  by  the  Enterprise  Irrigation  and  Power  Company  to  divert  water 

into  an  irrigation  water  storage  reservoir  on  Townsend  Creek. 

Failure  of  the  Worthen  Meadow  dam  might  adversely  effect  the  structural 

works-and  -the  water  supply— for  the  nearly  3,1300  irrigated  nacres  -ihat 

are  within  the  Enterprise  Irrigation  System. 


October  1976 
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Hydrology  Report 
Recreational  Use  Impacts  on  Water  Quality 
Shoshone  National  Forest 
Mark  T.  Story,  Hydrologist 

Potential  water  quality  problems  associated  with  recreational  activity  on 
the  Shoshone  National  Forest  occur  from  two  types  of  recreation:   developed 
and  dispersed. 

The  Shoshone  National  Forest  has  a  relatively  small  amount  of  developed 
recreation  activity  when  compared  to  other  forests;  this  is  due  to  a  high 
percentage  of  Wilderness.   Most  of  the  developed  recreational  activity 
centers  around  the  36  campgrounds  and  8  picnic  grounds  on  the  Forest. 
Problems  from  leaking  vault  toilets  have  been  reduced  greatly  by  PL  92-500 
point  source  control  funding  which  has  enabled  examination  of  all  toilets 
for  leaking  and  replacement  of  17  toilet  units  with  new  fiberglass  vault 
units. 

Assuming  people  use  the  campground  toilets,  do  not  empty  trailer  septic 
tanks  into  surface  waters,  and  obey  campground  sanitary  regulations,  no 
water  quality  problems  from  campgrounds  should  exist.   In  several  years 
of  water  quality  monitoring  on  both  the  Shoshone  and  Bighorn  National 
Forests  (1971-1976),  no  detectable  water  quality  deterioration  in  surface 
waters  adjacent  to  campgrounds  could  be  found. 

Special  Use  Permits  such  as  summer  home  groups,  lodges,  and  ski  resorts 
appear  to  have  potential  for  fecal  contamination  of  adjacent  streams. 
In  a  cooperative  project  with  the  Bighorn  Forest  and  PRAPO,  the  W. R.R.I, 
at  the  University  of  Wyoming  found  some  contamination  from  improper  sewage 
disposal  by  a  lodge  in  the  Bighorns  and  contamination  from  lodge  horse 
corrals  near  streams.   The  area  of  major  concern  in  the  Shoshone  National 
Forest  is  the  North  Fork. of  the  Shoshone  River  which  has  9  campgrounds, 
3  picnic  grounds,  and  a  number  of  lodges;  and  second,  summer  home  groups 
as  well  as  permanent  residences.   Many  of  the  lodges  and  home  groups 
have  primitive  sewage  disposal  systems  which  could  be  polluting  the 
North  Fork  of  the  Shoshone. 

In  order  to  assess  the  pollution  in  North  Fork,  a  cooperative  investigation 
is  being  deveV»ped  between  the  Shoshone  National  Forest,  Big  Horn  Basin 
208  planning  group,  and  the  Northwest.  Analytical  Lab  at  Powell.   Samples 
will  be  examined  for  fecal  bacteria  from  systems  effluent  and  in  the  river 
above  and  below  potential  sources  throughout  the  summer  of  1977.   Results 
of  this  monitoring  should  be  of  great  use  in  the  Big  Horn  Basin  208  Area 
Water  Quality  Management  Plan  and  the  Shoshone  Forest  Clarks  Fork  Unit 
Land  Management  Plan. 

The  Shoshone  National  Forest  receives  a  tremendous  amount  of  dispersed 
recreation  use  (backpacking,  mountaineering,  hiking,  fishing,  and  hunting) 
in  its  four  Wilderness-Primitive  Areas  and  other  roadless  areas.   In 
genera],  levels  of  fecal  contamination  by  backcountry  users  is  considerably 
less  than  that  of  wildlife  and  livestock.   Forest  Service  monitoring  of 
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heavy  use  wilderness  lakes  in  the  Popo  Agie  Primitive  Area  (Shoshone) 
and  Cloud  Peak  Primitive.  Area  (Bighorn)  revealed  very  little  or  no  fecal 
coliform  organisms  during  the  heavy  use  season.   An  intensive  study  of 
wildlife  and  people  dominated  canyons  in  Grand  Teton  National  Park 
(Stuart  et.  al. ,  1975.  Aquatic  Indicator  Bacteria  in  the  High  Alpine 
Zone.  Appl.  Environ.  Microbiol.  31:163-167)  showed  that  fecal  and  total 
coliform  counts  were  much  lower  in  the  people  use  canyons.   Wildlife 
(rodents  and  moose)  which  are  inclined  to  defecate  directly  in  or  adjacent 
to  a  stream,  seem  to  abandon  heavy  people  use  canyons  in  the  Park.   In 
a  thorough  study  of  many  different  types  of  activity  in  the  Bozeman  Creek 
Watershed  (Schillinger  and  Stuart.  1976.  Microbiology  and  Chemistry 
Studies  of  Water  Quality  Factors  in  a  Watershed  Used  for  Municipal  Supply 
and  Waste  Disposal.  Dept.  of  Microbiology,  Montana  State  Univ.),  dispersed 
recreation  demonstrated  no  measurable  adverse  impacts  on  water  quality 
while  wildlife  and  cattle  were  found  to  cause  some  problems.   The  Shoshone 
Hydrologist  will  monitor  heavy  use  lakes  and  streams  in  the  Popo  Agie 
Primitive  Area  in  the  summer  of  1977  and  other  heavy  use  areas  as  the 
opportunity  arises.   The  Bridger-Teton  National  Forest  is  starting  an 
intensive  water  quality  monitoring  program  in  the  Bridger  Wilderness  in 
the  summer  of  1977  which  will  help  understanding  of  similar  Shoshone 
Wilderness  recreational  impacts. 

Although  water  quality  problems  are  not  anticipated,  the  Shoshone  Hydrologist 
is  monitoring  winter  camping  areas  of  the  National  Outdoor  Leadership 
School  (NOLS)  in  the  Middle  Fork  of  the  Popo  Agie  River  above  Lander. 
Results  so  far  indicate  no  detectable  fecal  contamination  problem  from 
winter  camping.   The  NOLS  group  has  developed  an  excellent  set  of  Con- 
servation Practices  which  when  taught  and  practiced  minimize  potential 
contamination. 

The  Shoshone  Forest  Districts  are  currently  writing  Wilderness  Management 
Plans  which  recognize  visitor  carrying  capacity  based  on  social  and  environ- 
mental considerations  and  establish  management  units  for  recreation  use 
within  the  wilderness.   The  plans  should  be  completed  and  in  operation 
within  two  years.   In  the  future  more  wilderness  rangers  and  a  higher 
intensity  of  people  allocation  and  spacing  will  be  required  to  maintain 
the  integrity  of  the  wilderness  areas.   Water  quality  monitoring  of  heavy 
use  areas  will  be  an  integral  part  of  the  wilderness  management.   The 
Lander  District  of  the  Shoshone  is  developing  a  "Wildlife  Ethic"  guide 
to  help  wilderness  users  understand  and  minimize  water  quality  problems 
as  well  as  terrestrial  damage. 

In  conclusion,  replacement  of  vault  toilets  has  greatly  reduced  potential 
for  campground  water  quality  conflicts.   Special  use  problems,  concen- 
trated on  the  North  Fork  of  the  Shoshone  River,  will  get  a  thorough 
microbiological  examination  during  the  summer  of  1977.   Dispersed 
recreation  water  quality  problems,  which  appear  to  be  minimal,  will  be 
assessed  in  conjunction  with  Wilderness  Management  Plans. 


MARK  STORY 

Forest  Hydrologist 
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BACKGROUND  RFPORT  ON  CLARK'S  rORK  PLANNING  AREA 


1  ■   Descript  i  on  oJ_   agency  object.:!. yes 

The  overall  objectives  cf  the  Bureau  of  Nines  arc  to  conduct 
research,  provide  Information  for  the  Government,  and  stimulate  the 
private  sector  in  the  production  of  mineral!.;,  so  that  an  appropriate 
and  substantial  share  of  the  national  needs  for  mineral  materials 
will  be  supplied  in  a  manner  that  is  acceptable  and  in  the  public 
interest.   More  specifically,  the  Bureau  is  concerned  with  the  meens 
by  which  current  and  emerging  national  miner:.!  materials  demands  may 
be  met,  the  real  costs  of  meeting  these  demands,  and  the  assessment 
of  related  socio-economic  factors,  including  ways  to  accommodate 
mineral  material  needs  while  minimizing  occupational  hazards,  reducing 
wastes,  aid  ensuring  that  mineral  raw  materials  are  supplied  and 
mineral-based  products  are  used  and  disposed  of  without  objectionable 
social  and  environmental  rests. 

The  Bureau's  River  Basin  Studies  program  is  designed  to  provide 
mineral  resource-  and  development  information  that  will  help  meet  needs: 
(1)  of  the  mineral  industries  for  water  in  adequate  volume,  of  required 
quality,  and  at;  a  reasonable  price; ■ (2)  of  the  Basin  States  for  indus- 
trial growth  consistent  with  environmental  consideration;  and  (3)  of  the 
construction  agencies  for  specific  data  to  meet  planning  requirements. 

These  objectives  aie  not  constrained  by  the  Yellowstone  Study  time 
frames  of  1975-1985  and  1985-2000. 

2.   Description  arid  data  on  problems,  issues,  ajul  needs  cu  Clark' s 
Fork  planning  area  —  .industrial  water  supply 

The  only  known  new  mineral  developments  or  energy  projects  within 
the  planning  area  which  might  require  significant  new  water  supplies 
are  two  liquefaction  projects  in  the  Montana  portion.   Neither  is  likely 
to  become  operational  until  after  1985.   The  proposed  scale  of  one  to 
be  located  near  Bear  Creek  is  39,000  barrels  a  day.   'ihe  size  of  the 
projected  plant  at  Red  Lodge,  for  which  only  preliminary  planning  has 
been  done,  is  not  known.   Although  the  theoretical  water  requirements 
for  a  100,000-barrel - a-day  prototype  liquefaction  plant  are  estimated 
to  range  from  10,000  -  25,000  acre-feet  annually,  the  water  require- 
ments for  the  two  Montana  liquefaction  plants  have  not  yet  been 
determined . 
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3.      Existing  pn   ;■     t  joi-:j,    forecasts,    and    d  ]  sapy  iyj:?>l2  on  r,   on   reeds 
and  objective:-:  oi    Clark's  Fork  pj_5.iinin £   area 

None. 

i"      I'tstlnj;  of  development  or  degradation  without  pl_an  in  Clar!  'a 
Fork  planning  ,iren 

Sec  2  above  for  information  on  private  development. 

->•   Agency  pol  i  c  i  os ,  prnj  ects  ,  plans,  and  pr^rams  fj or  meeting  pro  hi  ems 
and  needs  of  CJ  ark  '  s  Fork  planning  area 

No  policies  or  plans  have  been  developed,  specif leal ly  for  the 
Clark's  Fork  planning  area.   Second  paragraph  of  1  above  pertains, 
however,  to  Yellowstone  Basin  and  Clark's  Fork  planning  area  as  well  as 
to  river  basins  in  geneial. 

6*   Agency  perception  of  Clark's  Fork  pl_a^n_in_g_  area  attitudes  and 
.objectives  in  relation  to  area  plan 

Unable  to  evaluate  until  plan  formulated. 

'•  Z.^e?1s,  unique  to  a[f_nc^  —  mineral  information  for  Clark's  Fork 
planning  area 

No  current  or  recent  coal  production  has  been  reported  and  no 
known  major  new  nines  are  planned.   Resetves  include  73b  million  tons 
of  measured  and  indicated,  deep-mi nable,  bituminous  coal  reserves  in 
Carbon  County,  Montana,  and  8  million  tons  of  measured  and  indicated, 
deep-minable,  bituminous  coal  reserves  in  Park  County,  Uyoming. 

Oil  production  from  fields  in  the  area  was  an  estimated  12,882,000 
barrels  in  1974.   This  was  approximately  15  percent  less  than  in  1973 
and  continued  a  long-term  trend  of  declining  production.   By  far  the 
largest  producing  field  is  the  T.I  1:  Basin,  accounting  r  ,r  9,080,000 
barrels  or  70  percent  of  1974  output.   The  next  largest:  field,  Frannie, 
produced  3,373,000  barrels  or  26  percent.   Production  is  expected  to 
continue  declining:   output  from  the  Elk  Basin  field,  for  example,  is 
estimated  to'  fall  to  4,800,000  barrels  in  1980. 

Natural  pas  production  in  the  area  was  an  estimated  19,296  million 
cubic  feet  in  1974,  vit.li  most  (05  percent)  coming  from  the  Elk  Basin 
field  as  associated  gas.   This  was  40  percent  below  the  1973  level, 
principally  because  of  the  shutting  down  of  several  high  ratio  gas:oil 


wells  in  the  Elk  Basin  field  fov  re3ervoir  pressure  mo intenance  frurposes. 
Output  of"  natural  gas  probably  will    continue  to  decline,   not  at  the 
1973-74   rate  but  more  or  less  in  proportion  to  dcc.re.iscs   in  petroleum 

production. 

The  arcr  contains  metallic  minerals,  including  copper  and  chrosnitc, 
but  has  no  significant  production  at  the  present  time. 

There  is  no  significant  production  of  rennet-allies,  although 
resources  oi  bentonite,  c.'ay,  and  fcypsum  arc  present. 
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Agency  objectives 

Among  the  overall  objectives  of  the  Bureau  of  Mines,  the  one  with 
the  most  immediate  application  to  the  Wind-Bighorn-C larks  Fork  Basin 
is  assurance  of  a  mineral  production  capability  by  the  private  sector  to 
meet  projected  national  demands.  The  Bureau,  therefore,  is  concerned 
that  water  for  an  appropriate  level  of  mineral  development  be  available 
in  adequate  volume,  of  required  quality,  and  at  a  reasonable  price.   In 
the  Wind-Bighorn-Clarks  Fork  Basin,  this  water  requirement  has  particular 
reference  to  energy  resource  production,  viz.,  petroleum,  natural  gas, 
and,  to  a  lesser  extent,  coal  extraction.  The  Bureau  also  is  interested 
in  seeing  that  sufficient  water  is  available  for  long-range  growth  of 
energy  conversion  facilities,  i.e.,  thermal  powerplants  and  coal 
gasification  and  liquefaction  facilities. 

Potential  mineral  development  in  absence  of  comprehensive  plan 

Limited  energy  and  mineral  development  is  anticipated  within  the  Wind- 
Bighorn-Clarks  Fork  Basin.  This  is  largely  because:   (1)  there  is  little 
likelihood  at  this  time  of  discovery  of  significant  new  oil  and  gas  reserves, 
(2)  under  present  conditions  there  are  few  economically  attractive  coal 
reserves,  and  (3)  there  is  little  evidence  of  extensive  metallic  deposits. 
Undetermined,  however,  is  the  future  in  the  basin  of  uranium  mining, 
which  is  so  very  dependent  on  the  uncertain  national  outlook  for  atomic 
generation.  Accelerated  growth  in  atomic  powerplant  construction,  for 
instance,  could  stimulate  a  significant  increase  in  uranium  extraction. 
Escalating  prices  for  uranium  oxide  already  have  provided  considerable 
incentive  for  expanded  exploration. 

Projects,  programs  and  policies  considered  necessary  or  desirable  to 
meet  Agency  objectives 

The  Bureau's  objectives  in  the  Wind-Bighorn-Clarks  Fork  Basin  are 
enhanced  through  its  national  programs  of  research  and  data  dissemination 
to  encourage  mineral  development  by  the  private  sector  rather  than  by 
implementation  of  specific  tangible  projects. 

Material  unique  to  Bureau  of  Mines  and  pertinent  to  Wind-Bighorn-Clarks 
Fork  Basin  —  mineral  information 

Total  value  of  mineral  production  in  the  basin  counties1  of  Big  Horn, 
Fremont,  Hot  Springs,  Park  and  Washakie  in  1974  reached  approximately 
$425  million,  an  all  time  high  and  54  percent  higher  than  in  1973. 
Most  of  the  increase  was  the  result  of  a  rapid  rise  in  the  price  of  liquid 
and  gaseous  fuels.  As  in  previous  years,  petroleum,  natural  gas,  and 
natural  gas  liquids  were  by  far  the  most  important  individual  commodities, 
accounting  for  $357  million  or  84  percent  of  the  1974  basin  mineral 
output.   Bentonite,  iron  ore,  and  uranium  were  of  secondary  importance, 
1Because  most  of  Yellowstone  River  Basin  portion  of  Natrona  County  falls 
outside  of  Wind-Bighorn-Clarks  Fork  Basin  and  most  county  data  is  in- 
divisible, most  data  on  Natrona  County  has  been  included  in  BOM  issue 
paper  on  Powder— Tongue  Basin. 
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comprising  another  $65  million  or  15  percent.  Minor  amounts  of  coal, 
feldspar,  gypsum,  lime,  sand  and  gravel,  and  stone  also  were  produced. 
Table  1  shows  total  value  of  combined  mineral  production  for  the  years 
1960-74. 


TABLE  1.  -  Total  Value  of  Mineral  Production  in 

Wind-Bighorn-Clarks  Fork  Basin,  1960-74 

Value 
Year  (thousand  dollars) 

1960 254, 1971 

1961 259,691 

1962 250,567 

1963 274,558 

1964 244,669 

1965 242,640 

1966 247,083 

1967 248 , 768 

1968 269,317 

1969 271,598 

1970 268,967 

1971 265,805 

1972 248,383 

1973 276,993 

1974 425,298 

1 Excludes  natural  gas  and  natural  gas  liquids. 


Mineral  fuels 

Crude  oil  production  has  declined  irregularly  from  a  high  of 
83  million  barrels  in  1960  to  a  low  of  50  million  barrels  in  1974. 
Two  of  the  largest  producing  fields  of  Wyoming  in  1974,  the  Oregon 
Basin  (11.3  million  barrels)  and  Elk  Basin  (7.9  million  barrels)  in  " 
Park  County,  were  in  the  basin.  Combined  reserves  of  the  two  fields 
were  estimated  by  the  Oil  and  Gas  Journal  at  the  end  of  1975  at  149 
million  barrels . 

Because  of  the  component  of  higher  price  new  and  stripper  oil  in 
crude  oil  output,  value  of  basin  production  reached  a  15-year  high  of 
$327  million  in  1974. 

Output  of  natural  gas,  after  an  irregular  rise  from  54  billion 
cubic  feet  in  1960  to  almost  100  million  cubic  feet  in  1973,  fell  to 
about  90  billion  cubic  feet  in  1974.  The  two  largest  producing  fields 
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in  1974  were  Beaver  Creek  (22.1  billion  cubic  feet)  in  Fremont  County, 
and  Elk  Basin  (15.8  billion  cubic  feet)  in  Park  County.  Production 
value  for  all  gas  increased  from  $5.7  million  in  1960  to  a  record 
$22.0  million  in  1974. 

Production  of  natural  gas  liquids  fluctuated  during  the  1960's 
between  1.6  and  2.2  million  barrels,  then  declined  steadily  from  2.2 
million  barrels  in  1969  to  1.5  million  barrels  in  1974.  As  with  crude 
oil  and  natural  gas,  the  value  of  natural  gas  liquids  output  in  1974 
was  a  peak  $7.8  million. 

Table  2  shows  petroleum,  natural  gas  and  natural  gas  liquids 
production  by  quantity  and  value  for  1960-74. 


TABLE  2.  -  Production  of  petroleum,  natural  gas  and  natural  gas  liquids, 

quantity  and  value,  1960-74 


Year 


Petroleum 


(thousand 
barrels) 


(thousand 
dollars) 


(million 
cubic 
feet) 


Natural  gas 


(thousand 
dollars) 


Natural  gas  liquids 


(million 
barrels) 


(thousand 
dollars) 


1960... 

83,144 

208,691 

NA 

NA 

NA 

NA 

1961... 

82,448 

206,121 

54,508 

5,726 

1,627 

3,470 

1962... 

80,522 

200,499 

58,014 

8,470 

1,824 

3,837 

1963... 

82,578 

206,444 

60,585 

8,604 

2,040 

4,591 

1964... 

75,761 

171,671 

66,619 

8,527 

1,640 

3,190 

1965..., 

71,509 

178,773 

71,888 

9,651 

2,144 

4,610 

1966... 

69,419 

177,713 

77,169 

11,282 

2,209 

4,859 

1967... 

71,404 

184,222 

71,718 

10,469 

2,165 

4,794 

1968..., 

73,385 

193,619 

76,996 

11,242 

1,961 

4,263 

1969... 

70,599 

197,677 

91,898 

13,509 

2,163 

4,487 

1970.... 

67,883 

198,897 

100,788 

14,816 

1,853 

3,771 

1971... 

54,680 

197,686 

95,437 

14,602 

1,631 

3,949 

1972.... 

60,792 

174,819 

90,736 

14,699 

1,622 

4,097 

1973... 

.  •  52,523 

200,529 

99,978 

18,096 

1,487 

4,714 

1974... 

50,117 

327,327 

89,706 

21,978 

1,467 

7,823 

Coal  production  has  been  insignificant  in  the  basin,  consisting 
during  most  of  the  1960-74  period  of  less  than  10,000  tons  annually 
from  a  few  underground  mines  in  Hot  Springs  County.  One  of  these, 
however,  the  Grass  Creek  mine,  operated  by  Northwestern  Resources  (a 
subsidiary  of  Western  Energy  Co.)  near  Grass  Creek,  is  seeking  permission 
to  open  by  1980  a  strip  pit  with  a  projected  production  of  700,000  tons 
annually  over  a  14-year  lifespan.   Employment  could  reach  100. 
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The  reported  coal  reserve  base  of  the  basin,  including  part  of 
Natrona  County,  is  a  modest  estimated  179  million  tons.  Approximately 
95  percent  of  this  total  is  subbituminous  coal  and  5  percent  bituminous, 
Virtually  all  the  basin's  coal  is  minable  only  by  underground  methods. 

Uranium 

During  1960-74,  most  of  the  basin's  uranium  production  came  from 
Fremont  County.   Table  3  shows  Fremont  County  production  by  quantity 
and  value  for  the  years  1970-72;  data  for  succeeding  years  are  withheld 
for  proprietary  reasons. 


TABLE  3. 

-  Production  of  uranium, 

quantity  and 

value, 

Fremont  Coun 

ty_j 

1960-72 

Thousand  pounds 

Value 

(recoverable  content 

(thousand 

Year 

of 

u3  o8) 

dollars) 

4,882 

42,030 

1961 

4,659 

39,794 

3,733 

29,456 

1963 

4,370 

34,959 

1964 

4,432 

35,459 

2,605 

20,842 

3,741 

29,926 

1967 

3,452 

27,614 

1968 

4,599 

35,369 

1969 

5,427 

31,405 

1970 

4,114 

25,162 

1971 

3,475 

21,542 

4,038 

25,442 

Mining  capacity  increases  known  to  be  under  consideration  include 
an  expansion  of  the  existing  Crooks  Gap-Green  Mountain  mine  of  Western 
Nuclear,  Inc.,  in  Fremont  County,  which  would  boost  output  of  the  open 
pit  and  underground  mine  to  1,500  tons  of  ore  daily  in  1977  and  increase 
employment  from  275  to  600,  and  the  opening  of  an  unnamed  open  pit  mine 
by  Utah  International,  Inc.,  in  the  same  general  area. 

As  of  January  1,  1976,  four  uranium  ore  processing  plants  with  an 
overall  nominal  capacity  of  4,550  tons  daily  were  operating  in  the  basin. 
These  included  facilities  of  Federal-American  Partners  (950  tons)  and 
Utah  International,  Inc.  (1,200  tons)  in  the  Gas  Hills  district  of 
Fremont  County,  a  plant  of  Union  Carbide  Corp.  (1,200  tons)  in  the 
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northwestern  corner  of  Natrona  County,  and  a  Western  Nuclear,  Inc. 
installation  (1,200  tons)  on  a  standby  basis  in  Fremont  County.   A  1977 
expansion  of  the  Western  Nuclear,  Inc.,  plant  reportedly  is  being 
contemplated,  nevertheless. 

As  of  January  1,  1976,  uranium  ore  reserves  in  Big  Horn,  Fremont, 
Hot  Springs,  Park,  and  Washakie  counties  were  listed  at  16,200  tons  of 
U3  Os  at  maximum  "forward  costs"  of  $10  per  pound,  40,000  tons  at 
$15,  and  64,000  tons  at  $30.   "Forward  costs"  are  those  operating  and 
capital  costs  yet  to  be  incurred  at  the  time  an  estimate  is  made. 
Profit  and  "sunk"  costs,  such  as  past  expenditures  for  property 
acquisition,  exploration,  and  mine  development,  are  not  included. 
Therefore,  the  various  forward  costs  are  independent  of  the  market  price 
at  which  the  estimated  reserve  would  be  sold. 

Nonmetallics 

Bentonite  is  by  far  the  most  important  nonmetal  produced  in  the 
basin,  with  most  production  coming  from  Big  Horn  County.  Output 
accelerated  by  some  24  percent  by  value  in  1973  and  44  percent  in  1974. 
Usable  reserves  in  the  entire  basin  have  been  estimated  at  45  million 
tons. 

Sand  and  gravel  is  produced  in  all  five  counties  but  has  shown  no 
significant  trend  in  output  value  during  1960-74. 

Feldspar,  gypsum,  lime,  and  stone  are  also  produced  in  minor 
quantities .  Feldspar  reserves  have  been  estimated  at  a  minimum  of  80 
million  tons. 

Metallics 

Iron  ore  from  the  Atlantic  City  mine  of  the  United  States  Steel 
Corp.  in  Fremont  County  is  the  only  metallic  mineral  produced.  About 
550  persons  reportedly  are  empldyed  at  this  operation. 

With  reference  to  the  proposed  copper  mine  development  of  AMAX 
in  the  Upper  Wood  River  area  of  Park  County,  the  eight-volume  environ- 
mental impact  study  performed  by  the  Rocky  Mountain  Center  on  the 
Environment  and  published  in  1973  still  appears  to  be  the  basic  source 
of  information  on  this  project.  Examination  of  Bureau  file  material 
and  consultation  with  Bureau  personnel  most  familiar  with  the  proposed 
operation  do  not  indicate  information  additional  to  that  contained  in 
the  background  report.  The  Bureau  will  make  a  special  effort  to  monitor 
the  progress  of  this  project;  however,  we  would  recommend  that  future 
references  to  the  development  not  describe  it  as  being  "actively" 
planned.   The  project  has  had  a  long  history  of  fairly  intensive  planning, 
but,  to  the  best  of  our  knowledge,  no  initiation  date  has  been  even 
tentatively  set. 
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United  States  Department  of  the  Interior 


Denver  Federal  Center 
IN  reply  REKF.rt  to.  Denver.  Colorado    80225 


GEOLOGICAL  SURVEY 

Box  25016-  Stop  406  RECEIVED 


Water  Resources  Division  "'^'*  "   1976 

MarchXlW  r»  flPrJTAL 
X&tifiiCti  &  CONSERVATION 


Mr.  Keith  H.  Corrigall 

Assistant  Study  Manager  -  Montana 

Yellowstone  Basin  Level  B  Study 

c/o  Dept  of  Natural  Resources  aud  Conservation 

32  South  Ewing,  Room  217 

Helena.  Montana  59601 

Dear  Mr.  Corrigall: 

We  apologize  for  the  delay  In  replying  to  your  January  13,  1976,  request 
for  an  issue  paper/background  report  on 'the  Clarke  Pork  Planning  Area, 
Yellowstone  Level  B  Study.  We  feel  that  such  a  report  from  the  Geological 
Survey  would  have  to  be  in  accord  with  the  nature  and  level  of  our 
participation  in  the  study,  which  was  more  or  less  firmly  established 
only  last  week. 

As  we  understand  our  part  in  the  study,  It  Includes:   (1)  providing 
surface-water  quantity  and  quality  data,  statistical  summaries  of  those 
data,  and  technical  assistance  to  the  Ad  Hoc  Work  Groups  on  Instream 
Plow  Requirements;  (2)  providing  a  narrative  ground-water  perspective, 
evaluation  of  ground-water  supply  potential,  and  assessment  of  probeble 
effects  of  ground-water  development  for  each  of  the  development  sites 
(areas)  identified  by  the  Harza  Engineers  contract  study,  which  we 
understand  will  not  be  completed  until  about  June;  and  (3)  participation 
In  the  State  Planning  Team  activltiee. 

It  is  difficult  at  this  stage  of  the  study,  and  in  some  cases  not 
applicable  to  the  Geological  Survey  role,  to  make  more  than  highly 
generalized  statements  for  the  seven  elements  of  the  requested  issue 
paper.   The  following  such  statements  are  the  best  we  can  do  within 
the  time  constraint  for  the  issue  paper  and  without  having  had  the 
opportunity  to  consider  the  applicable  elements  thoroughly. 

(1)   Organization  Objectives  -  To  provide  from  available  records  and 
ongoing  data  collection  and  hydrologic  study  programs  baseline 
water  data,  statistical  summaries  and  interpretations  needed  for 
Level  B  planning.   This  information  is  equally  applicable  to  the 
social,  economic,  and  environmental  aspects  of  the  study  and  to 
^the  needs  within  the  1975-1985  time  frame  although  hydrologic 
Monitoring  and  hydrologic  trend  assessments  should  continue  in  the 
^85-2000  period. 
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(2)  Problems,  Issues,  and  Needs  of  the  Planning  Area  -  As  related  to 
the  Geological  Survey  role  in  the  study  problems,  issues  and  needs 
are  primarily  in  the  area  of  documenting  the  quantity  and  quality 
of  the  available  water  resources  for  planning,  development,  and 
management  uses  in  all  the  components  cltod.   Adequate  documentation 
cannot  be  achieved  for  effective  performance  of  these  functions 
without  an  expanded  program  of  data  collection  and  hydrologic 
studies. 

(3)  Projections,  Forecasts  -  Not  applicable  to  indicated  scope  of 
Geological  Survey  participation. 

(4)  Development  or  Degradation  in  Absence  of  Comprehensive  Plan  -  This 
evaluation  is  not  applicable  to  the  mission  of  the  Geological 
Survey,  although  it  can  ho  t-eiu  rally  stated  that  unplanned  dovrlop- 
ment  can  have  a  delete i  j. out.  effect  on  the  hydrologic  environment. 

(5)  Meeting  Problems  and  Needs  of  the  Planning  Area  -  To  provide,  to 
the  extent  possible  through  existing  and  future  data  collection 
and  hydrologic  study  programs,  the  water  information  needed  by 
other  appropriate  agencies  in  planning,  development,  and  management 
of  water  and  related  land  resources.  Geological  Survey  cannot,  at 
this  time,  provide  the  detail  called  for  in  the  four  "account" 
work  sheets. 

(6)  Agency  Perception  of  Public  Attitudes  -  Not  applicable  to  Geological 
Survey. 

(7)  Other  Items  Unique  to  Agency  -  None. 

We  realise  that  these  statements  are  probably  not  as  specific  as  you 
would  like.  Hopefully,  however,  as  Geological  Survey  work  progresses  on 
the  study,  we  will  be  able  to  fill  in  the  gaps  in  regard  to  those  elements 
that  are  applicable  to  the  Geological  Survey  role. 

Sincerely, 


#**" 


Alfred  Clebsch,  Jr. 
Regional  Hydrologist 


cc: 

Paul  Harley,  Omaha,  Nebr. 
Robert  Madsen,  Billings,  Mont. 
District  Chiefs,  WRD,  Montana  and  Wyoming 
w/copy  incoming  letter 
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WIND  DIVISION   ISSUE   PAPER 


OBJECTIVE 


Development  plans  for  the  Wind  River  Basin  include  five  potential 
irrigation  units  to  serve  a  total  of  30,580  irrigable  acres,  provision 
of  storage  regulation  for  future  development  of  3,180  irrigable  acres 
under  the  Riverton  Project  and  for  supplemental  water  supplies  for 
26,980  acres  presently  irrigated,  and  drainage  facilities  for 
4,650  acres  of  irrigated  lands.   No  flood  control  benefits  can  be 
assigned,  and  no  opportunities  were  found  for  hydroelectric  power 
generation. 

FEATURES 

The  five  potential  units,  North  Crowheart,  Winchester,  South  Crowheart, 
Coolidge  Extension,  and  Shoshone,  would  be  interdependent  with  respect 
to  joint  use  of  various  features  such  as  storage  regulation. 

NEEDS  AND  PROBLEMS 

Agriculture  in  the  Wind  River  Basin  is  entirely  dependent  upon  irriga- 
tion.  Except  during  the  growing  season,  even  the  livestock  industry 
is  dependent  upon  pastures  and  crops  from  irrigated  land. 

Petroleum  and  natural  gas  recovery  operations,  mining  of  uranium,  steel 
production,  and  tourism  have  added  to  the  economy  of  the  area.   However, 
irrigation  agriculture  remains  the  basic  industry.   Because  of  the 
importance  of  irrigation,  considerable  attention  has  been  given  to  its 
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expansion.   Thousands  of  acres  of  arable  land  are  undeveloped,  and  water 
supply  is  the  critical  limiting  factor.   Present  direct  diversion  demands 
often  exceed  the  natural  streamflows  so  storage  regulation  is  necessary 
for  any  further  development. 

EXISTING  DEVELOPMENT 

The  Wind  River  Basin  land  classification,  excluding  Beaver  Creek  and 

tributaries,  is  presented  below: 

Constructed  Projects 

Deferred 
Irrigable  Arable 
Location         Irrigated  Irrigable  New  Land    Land    Total 


Upper  Wind  Unit 

11,260 

1,140 

_ 

— 

12,400 

Riverton  Project 

58,550 

- 

14,250 

- 

72,800 

LeClair-Riverton 

11,850 

- 

- 

- 

11,850 

Riverton  Valley 

8,420 

- 

- 

- 

8,420 

Other  Wind  R.  Areas 

15,530 

2,330 

- 

1,860 

19,720 

L.  Wind  R.  &  Tribs. 

17,150 

19,550 

- 

- 

36,700 

Popo  Agie  Valley 

29,420 

200 

- 

- 

29,620 

Potential  Units 

- 

- 

30,580 

21,830 

52,410 

Hudson  Bench 

- 

- 

- 

1,920 

1,920 

Airport  &  Burma  Benches 

- 

- 

- 

4,450 
30,060 

4,450 

Subtotal 

152,180 

23,220 

44,830 

250,290 

Nonarable  Land 

415,700 

665,990 

Present  service  on  the  Riverton  Project  includes  58,550  irrigable  acres. 
A  total  area  of  about  100,000  acres  was  planned  originally  but  further 
studies  reduced  the  total  to  72,800  acres.   Recent  land  classifications 
showed  8,710  irrigable  acres  for  future  development  under  the  Muddy 
Ridge  Extension,  and  9,820  acres  on  Cottonwood  Bench.   Both  areas 
are  in  a  deferred  status.   Major  components  of  the  project  are  Bull 
Lake  Reservoir,  Wind  River  Diversion  Dam,  Wyoming  Canal,  Pilot  Butte 
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Reservoir,  Pilot  Butte  powerplant,  and  Pilot  Canal. 
LeClair-Riverton  Area 

LeClair-Riverton  Irrigation  District  operates  the  LeClair  Canal,  origi- 
nally constructed  by  the  Indian  Service  (now  BIA),  and  the  privately 
constructed  Riverton  No.  2  Canal.   Present  irrigation  totals  approxi- 
mately 11,850  acres.   There  is  little  or  no  opportunity  for  development 
of  new  land. 
Riverton  Valley  Area 

The  Riverton  Valley  area  is  served  by  the  privately  constructed  Wyoming 
No.  2  Canal  and  serves  approximately  8,420  acres.   It  is  anticipated 
that  110  acres  of  Class  5D  land  and  2,050  acres  of  arable  quality 
irrigated  land  will  be  drained  to  increase  productivity. 
Upper  Wind  Unit 

Upper  Wind  Unit  is  one  of  five  original  units  of  Wind  River  Irrigation 
Project.   It  now  serves  about  11,260  acres  out  of  an  estimated  irriga- 
ble area  of  12,400  acres.   A  feeder  canal  from  middle  Dinwoody  Lake 
into  Dry  Creek  reportedly  assures  an  adequate  water  supply. 
Left  Hand  Unit 

This  unit  of  the  Wind  River  Irrigation  Project  is  reported  as  having 
an  irrigable  area  of  3,810  acres,  of  which  1,480  acres  were  irrigated 
in  1961.   The  remaining  2,330  acres  would  be  supplied  from  the  Little 
Wind  River  via  the  Subagency  ditch  system  if  development  of  Wind 
Division  is  not  undertaken. 


Johnstown  Unit 

Irrigated  land  amounting  to  1,180  acres  was  delineated  under  the 
Johnstown  Ditch.   An  Irrigable  area  of  1,310  acres  was  reported  by 
the  Bureau  of  Indian  Affairs  and  this  figure  was  adopted  for  use  in 
the  water  supply  studies. 
Miscellaneous  Areas 

Small  areas  of  private  land  totaling  12,740  acres  were  determined  to 
be  irrigated  from  Wind  River  or  minor  tributaries.   These  miscellaneous 
developments  occupy  virtually  all  remaining  valley  land. 

PLAN  OF   DEVELOPMENT 

A  detailed  land  classification  survey  was  completed  in  1963.   The  com- 
bined effects  of  texture,  hydraulic  conductivity,  depth,  salinity, 
alkalinity,  organic  content  of  soils,  slope,  surface  relief,  vegetative 
cover,  stoniness,  field  sizes  and  shapes,  and  drainability  were  con- 
sidered in  determining  the  land  classification.   The  following  table 
summarizes  the  units  and  acres  for  each  class. 

Irrigable  Land-Acres 


Unit  Class  1      Class  2      Class  3      Total 

North  Crowheart  Unit         1,240        3,330        7,030       11,600 
Winchester  Unit  1,920        4,350        3,410        9,680 


Class  1 

Class  2 

Class  3 

1,240 

3,330 

7,030 

1,920 

4,350 

3,410 

1,050 

1,690 

1,520 

195 

855 

980 

70 

1,985 

955 

South  Crowheart  Unit  1,050  1,690  1,520  4,260 

Coolidge  Extension  Unit  195  855  980  2,030 

Shoshoni  Unit               70  1,985  955  3.010 

Total  4,475  12,210  13,895  30,580 
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Interdependence  of  the  five  potential  units  lies  with  the  adopted  plan 
for  storage  regulation.   Joint  operation  of  Wiggins  Reservoir  (80,000 
acre-feet  capacity)  and  Bull  Lake  Reservoir  (50,000  acre-feet  enlarge- 
ment) would  provide  storage  for  four  of  the  units  and  replacement 
water  for  the  fifth  (Winchester).   With  a  reservoir  capacity  of  50,000 
acre-feet  provided  at  Raft  Lake,  15,000  acre-feet  would  be  assigned 
to  the  Winchester  Unit. 

The  Wiggins  damsite  is  on  the  East  Fork  Wind  River  at  the  confluence 
of  Wiggins  Fork.   For  an  active  storage  capacity  of  80,000  acre-feet 
the  dam  would  have  a  height  of  about  192  feet  and  a  crest  length  of 
2,230  feet.   The  reservoir  would  have  a  water  surface  area  of  about 
1,290  acres,  a  maximum  width  of  1  mile,  and  extend  about  3.5  miles  on 
Wiggins  Fork  and  3  miles  on  East  Fork. 

The  original  Bull  Lake,  on  Bull  Lake  Creek,  was  completed  by  the  Bureau 
of  Reclamation  in  1938.   Total  active  storage  capacity  is  152,000  acre- 
feet.   An  increase  in  height  of  not  more  than  22  feet  would  provide  an 
increase  of  50,000  acre-feet  storage  capacity. 

Raft  Lake  Dam  would  be  constructed  at  the  outlet  of  Raft  Lake  on  the 
North  Fork  Little  Wind  River.   Designs  and  estimates  were  made  for  the 
provision  of  50,000  acre-feet  capacity,  of  which  15,000  acre-feet  would 
be  assigned  to  the  potential  Winchester  Unit. 

Wiggins  Dam  and  Reservoir 

The  Wiggins  damsite  is  on  the  East  Fork  Wind  River  about  6.5  miles  above 


its  mouth,  at  the  confluence  of  Wiggins  Fork.   Geologic  conditions 
limit  the  reservoir  capacity  to  80,000  acre-feet.   The  earthfill 
structure  would  have  an  ungated  concrete  ogee  crest  and  chute  on  the 
right  abutment.   The  following  tabulation  lists  pertinent  information. 

Wiggins  Dam 


Item 

Active  conservation  capacity 
Inactive  and  dead  storage 

Total  capacity  (acre-feet) 
Elev.  crest  of  dam  (feet  m.s.l.) 
Elev.  top  conservation  capacity 
Height  dam  above  streambed  (feet) 

Costs:   Construction 
Right-of-way 

Reservoir  relocations,  clearing 
Engineering  and  other  indirect 

Total 


109,000 

50,000 

1,000 

1,000 

110,000 

51,000 

6,900 

6,852 

6,888.5 

6,850 

210 

162 

-  $1, 

000  - 

$  18,342 

$14,945 

389 

288 

4,148 

3,373 

6,864 

5,582 

*80,000  acre- feet  reservoir  construction  cost 
Bull  Lake  Enlargement 


$  29,743    $24,188 
$21,876,000. 


At  the  original  Bull  Lake,  on  Bull  Lake  Creek,  a  reservoir  was  formed 
by  construction  of  the  earthfill  Bull  Lake  Dam,  completed  by  the  Bureau 
of  Reclamation  in  1938  for  use  by  the  Riverton  Project.   The  total 
(and  active)  storage  capacity  is  152,000  acre-feet  as  compared  to  an 
average  inflow,  based  on  the  period  1920-1963,  of  207,400  acre-feet. 
Releases  are  made  into  the  creek,  which  joins  Wind  River  above  the 
Wind  River  Diversion  Dam  but  below  the  diversion  damsite  for  North 
Crowheart  Canal . 

The  crest  of  Bull  Lake  Dam  is  at  elevation  5813,  or  about  60  feet 


443 


above  the  original  streambed,  and  the  length  is  3,456  feet.   The  capacity 
of  the  outlet  works  is  about  4,000  ft  /s  when  the  reservoir  is  full,  at 
elevation  5805.   At  this  elevation  the  concrete  spillway  at  the  right 
(south)  abutment  of  the  river  section,  controlled  by  three  radial  gates, 
has  a  capacity  of  11,000  ft  la.      Design  studies  have  indicated  that  the 
structure  would  support  an  increase  in  height  of  not  to  exceed  22  feet, 
which  would  provide  an  increase  of  50,000  acre-feet  of  reservoir  capacity, 

Additional  fill  would  be  placed  on  the  downstream  face  of  the  dam,  a 
new  spillway  section  would  be  constructed  at  the  north  or  opposite  end 
of  the  dam  from  the  present  location,  and  the  two-section  outlet  con- 
duit would  be  extended.   Reconnaissance  designs  and  estimates  were  pre- 
pared for  reservoir  increases  of  35,000  and  50,000  acre-feet,  but  only 
the  latter  is  applicable  in  this  report.   The  following  tabulation 
lists  pertinent  data. 


Item 

Active  conservation  capacity 

Present  active  capacity 

Conservation  capacity  increase  (acre-feet) 

Elev.  crest  of  dam  (feet  m.s.l.)  -  proposed 

-  present 

-  increase 
Elev.  top  conservation  capacity   -  proposed 

-  present 

-  increase 

Costs:   Construction 

Reservoir  clearing 
Engineering  and  other  indirect 
Total 


187,000 

152,000 

35,000 

5830 

5813 

17 

5816.5 

5805.0 

11.5 


202,000 

152,000 

50,000 

5835 

5813 

22 

5821.5 

5805.0 


16.5 

$1,000 

$4,266  $5,015 

4  4 

1,281 1,506 

$5,551  $6,525 
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Raft  Lake  Dam  and  Reservoir 

Construction  of  a  dam  at  the  outlet  of  Raft  Lake,  on  North  Fork  Little 
Wind  River,  was  proposed  by  the  Bureau  of  Indian  Affairs  to  provide 
35,000  acre-feet  of  storage  capacity  for  the  Little  Wind  Unit.   In  com- 
pliance with  a  request  made  in  November  1962,  the  Bureau  of  Reclamation 
prepared  reconnaissance  designs  and  estimates  for  such  a  dam  and  reser- 
voir.  During  the  more  recent  investigations,  a  similar  estimate  was 
made  for  provision  of  50,000  acre-feet  of  capacity  with  the  additional 
15,000  acre-feet  assigned  to  the  potential  Winchester  Unit. 

Raft  Lake  is  in  the  mountainous  region  to  the  west  of  Fork  Washakie, 
and  has  a  minimum  water  surface  at  about  elevation  9152.   The  canyon 
outlet  is  in  hard,  jointed  granite,  which  also  is  exposed  over  the 
entire  area  surrounding  the  lake, and  there  is  virtually  no  possibility 
of  reservoir  leakage.   Only  in  small  ravines  formed  by  glacial  ice 
gouging  has  there  been  sufficient  soil  accumulation  to  support  vegetation 
and  there  is  very  little  material  within  a  reasonable  distance  from 
the  damsite  that  would  be  suitable  for  earth  fill  embankment.   There 
are  no  roads  in  this  wilderness-type  area,  and  construction  of  a  suitable 
access  road  would  represent  a  substantial  item  of  cost. 

The  damsite  is  favorable  to  construction  of  a  concrete  arch  structure 
at  a  point  where  the  left  (north)  abutment  would  rest  on  a  steep  slope 
of  about  50  degrees  and  the  right  on  a  slope  of  about  27  degrees.   Above 
elevation  9240,  however,  the  left  bank  flattens  perceptibly  whereas 
the  right  becomes  steep.   These  conditions  have  the  combined  effect  of 
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greatly  increasing  the  size  and  cost  of  a  dam  with  respect  to  storage 
capacity  above  those  breaks.   The  comparatively  small  storage  capacity, 
limited  water  supply,  and  seasonal  operation  for  irrigation  would 
preclude  installation  of  a  powerplant. 

The  cost  estimates  are  based  on  construction  of  a  double  curvature 
concrete  arch  dam  with  an  uncontrolled  spillway  crest  at  the  center, 
the  water  spilling  onto  a  concrete  slab  at  the  toe.   The  top  of  the 
dam  to  the  right  of  this  spillway  would  be  higher  than  the  spillway, 
but  3  feet  lower  than  to  the  left, and  would  be  so  formed  S3  to  act 
as  an  uncontrolled  emergency  spillway.   Preparation  of  the  streambed 
would  permit  placement  of  the  outlet  works  centerline  at  elevation 
9150.   The  following  tabulation  summarizes  pertinent  data: 


Item 

Active  conservation  capacity  35,000  50,000 

Inactive  capacity  (present  lake)  40,000  40,000 

Total  capacity  (acre-feet)  75,000  90,000 

Elevation  top  of  dam  (feet  m.s.l.)  9250  9283 

Elevation  emergency  spillway  crest  9247  9280 
Elevation  spillway  crest  and  top  of  conservation 

capacity  9240  9273 
Maximum  height  of  dam  above  centerline  of  outlet 

works  (feet)  100  133 

$1,000 

Cost:   Construction  $2,740  $  7,499 

Reservoir  .clearing  29  119 

Access  road  and  government  camp  971  971 

Engineering  and  other  indirect  1,122  2,577 

Total  $4,862  $11,166 


IRRIGATION  FACILITIES 


The  North  Crowheart  and  Winchester  Units  each  would  require  a  separate 
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and  independent  diversion  dam  and  main  canal.   For  the  South  Crowheart, 
Coolidge  Extension,  and  Shoshoni  Units,  however,  the  most  practicable 
water  service  plan  calls  for  a  joint-use  main  canal  diverting  from 
the  Wyoming  Canal  of  the  River ton  Project  and  siphoning  under  Wind  River, 

North  Crowheart  Diversion  and  Canal 

The  diversion  damsite  for  the  North  Crowheart  Canal  is  on  Wind  River 
west  of  Crowheart  Butte,  about  13  river  miles  above  the  confluence  of 
Bull  Lake  Creek.   It  would  be  constructed  as  a  concrete  ogee  overflow 
section  with  gated  sluiceway  and  canal  headworks,  and  with  an  earthfill 
dike  at  each  end.   The  concrete  crest  would  be  about  6  feet  in  height 
above  the  present  streambed  and  about  340  feet  long.   The  principal 
dike  on  the  right  abutment  would  have  a  length  of  about  3,100  feet. 
The  estimated  total  construction  cost  is  $1,155,000. 

The  73.5-mile  gravity  North  Crowheart  Canal  would  divert  at  about 
elevation  5920, with  an  initial  capacity  of  240  ft  /s  to  supply  11,600 
irrigable  acres.   The  canal  location  is  governed  by  the  terrain  and 
would  follow  a  somewhat  tortuous  course  to  the  east  and  northeast, 
roughly  paralleling  the  Wyoming  Canal  which  begins  at  an  elevation 
about  350  feet  lower.   Numerous  coulees  and  intermittent  stream  channels 
would  be  crossed  in  addition  to  Crow,  Dry,  Fivemile,  and  Muddy  Creeks. 
Estimated  total  construction  cost,  including  some  45  miles  of  branch 
canals,  is  $8,824,000. 

A  few  relatively  small  areas  would  be  served  from  the  upper  canal 
reaches  after  passing  to  the  south  of  Crowheart  Butte.   Most  of  the 
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irrigable  lands,  however,  are  near  the  end,  within  the  drainage  areas 
of  Fivemile  and  Muddy  Creeks.   For  these  areas  rough  layouts  were  made 
of  branch  canals,  and  construction  was  included  with  the  main  canal  as 
mentioned  above. 

Winchester  Diversion  and  Canal 

The  diversion  damsite  for  the  Winchester  Canal  is  on  North  Fork  Little 
Wind  River,  about  16  river  miles  downstream  from  Raft  Lake  and  immediately 
south  of  Wise  Flat.   The  dam  would  have  a  concrete  ogee  overflow  section 
about  6  feet  in  height  above  the  present  streambed  and  82  feet  long, 
with  gated  sluiceway  and  canal  headworks.   The  total  length,  including 
earthfill  dikes  at  each  end,  would  be  about  400  feet.   Estimated  total 
construction  cost  is  $813,000. 

The  30.8-mile  Winchester  Canal  would  have  an  initial  capacity  of  228  ft  /s 
to  supply  9,680  irrigable  acres.   It  would  divert  at  about  elevation 
6385  and  extend  generally  northward  to  the  upper  or  westerly  end  of 
Bighorn  Flat,  at  about  elevation  6295,  where  the  lateral  system  would 
begin.   Construction  would  be  difficult  for  the  first  18  miles  of  this 
canal,  as   it  goes  around  the  east  end  of  Wise  Flat  and  passes  beyond 
siphons  under  Pevah  and  Sage  Creeks  near  their  confluence.   Estimated 
total  construction  cost  is  $4,295,000. 

An  alternative  plan  was  considered  that  would  involve  less  canal  length 
and  less  difficult  construction  by  conveying  the  water  through  a  5.5  mile 
reach  of  Pevah  Creek  along  the  northwest  side  of  Wise  Flat.   The  North 
Fork  diversion  point  would  be  about  7  miles  farther  upstream. with  a 
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short  canal  to  the  Pevah  Creek  section.   Diversion  from  this  creek  would 
be  followed  by  a  canal  identical  to  that  of  the  proposed  plan.  This 
alternative  was  rejected  upon  disclosure  of  a  severe  leakage  zone  in 
Pevah  Creek  which  would  be  very  costly  to  correct. 

South  Crowheart  Canal  and  Extensions 

The  31.5-mile  joint-use  South  Crowheart  Canal  would  divert  from  the 
Wyoming  Canal  at  a  point  about  1.5  miles  west  of  Pilot  Butte  Reservoir, 
7  miles  down-canal  from  Wind  River  Diversion  Dam,  at  approximately 

elevation  5560.    It  would  serve  4,260  irrigable  acres  under  the  South 

3 
Crowheart  Unit.   The  initial  capacity  would  be  355  ft  /s  which  includes 

3  3 

41  ft  /s  for  the  Coolidge  Extension  Unit,  70  ft  /s  for  the  Shoshoni 

3 
Unit,  and  149  ft  /s  to  provide  replacement  water  for  the  Winchester 

Unit.   After  crossing  under  Wind  River  in  a  siphon  about  7,000  feet 
long,  the  canal  would  serve  relatively  small  tracts  near  the  river  and 
continue  to  the  main  body  of  irrigable  land,  which  begins  about  9  air- 
line miles  west  of.  and  across  the  river  from, River ton.  To  avoid  a  long 

and  deep  cut  in  rock  along  the  southwest  side  of  Mule  Butte,  the  canal 

location  was  lowered  to  permit  passage  along  the  northeast  side. 

Estimated  total  construction  cost,  exclusive  of  extensions,  is 

$6,592,000.  • 

Little  Wind  Supply  Canal. — This  10,1-mile  intermediate  joint-use 
section  of  canal  would  begin  at  a  bifurcation  from  the  South  Crowheart 
Canal  at  Mile  21.2,  and  continue  to  the  south  and  west  to  a  point  on 
the  north  side  of  Little  Wind  River  about  2  miles  east  of  Ethete  where 
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replacement  water  for  the  Winchester  Unit  would  be  dropped  into  the 

river  through  a  chute  structure.   It  would  have  an  undiminished  capacity 

3  3  3 

of  260  ft  /s  which  includes  149  ft  /s  for  the  replacement  water,  41  ft  /s 

3 
for  the  Coolidge  Extension  Unit,  and  70  ft  /s  for  the  Shoshoni  Unit. 

Estimated  total  construction  cost  is  $805,000. 

Coolidge  Extension  Canal. — Beginning  with  a  siphon  under  Little 
Wind  River,  from  the  head  of  the  chute  terminating  the  Little  Wind 
Supply  Canal,  the  16-mile  Coolidge  Extension  Canal  would  extend  south- 
eastward to  a  point  about  a  mile  north  of  the  town  of  Hudson.   Irrigation 
deliveries  to  2,030  acres  of  irrigable  land  would  begin  with  tracts  lying 

above  and  roughly  paralleling  Sharp  Nose  Draw,  after  passing  Mile  11. 

3  3 

Initial  capacity  would  be  111  ft  Is,   which  includes  70  ft  /a   for  the 

Shoshoni  Unit.   Estimated  total  construction  cost  is  $615,000. 

Shoshoni  Canal . — The  50-mile  Shoshoni  Canal  would  begin  north  of 
Hudson  at  the  last  irrigation  delivery  from  the  Coolidge  Extension  Canal, 

at  water  surface  elevation  about  5128,  then  go  into  a  siphon  under  the 

3 
Popo  Agie  River.   The  initial  capacity  would  be  70  ft  /s  to  serve 

3,010  irrigable  acres.  Water  deliveries  would  begin  with  the  first 

of  two  groups  of  irrigable  lands  at  about  Mile  20,  shortly  after  siphoning 

under  Beaver  Creek.   The  canal  then  would  continue  northeasterly  to  the 

second  and  larger  group  of  irrigable  lands.   Estimated  total  construction 

cost  is  $2,406,000. 

ALTERNATIVE  PLANS 

For  use  in  project  formulation  studies,  reconnaissance  cost  estimates 
were  prepared  for  the  South  Crowheart  Canal  and  its  extensions,  first 
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eliminating  the  Shoshoni  Unit,  then  the  Winchester  Unit,  and  then  both 
of  these  units. 

Crowheart  Pumping  Alternative 

In  the  event  of  exclusion  of  the  North  Crowheart  Canal  to  serve  the 
full  11,600  acres,  approximately  3,200  acres  of  irrigable  land  could 
be  supplied  by  pumping  from  the  Wyoming  Canal  at  two  locations.   The 
first  unit  would  include  about  1,400  irrigable  acres,  consisting  of 

tracts  lying  to  the  northwest  of  the  town  of  Pavillion.   A  main  pumping 

3 

plant,  static  lift  47  feet  and  capacity  30  ft  /s,  would  be  required 

in  Sec.  1,  T.  3  N. ,  R.  1  E.   A  relift  plant  in  Sec.  12 1  with  static 
lift  of  100  feet  and  capacity  14  ft  /s  discharging  into  the  lateral 
system, also  would  be  required. 

The  second  unit  would  serve  about  1,800  irrigable  acres  lying  north 
of  the  Wyoming  Canal  immediately  after  crossing  Muddy  Creek.   The 

pumping  plant  would  have  a  static  lift  of  about  82  feet  and  a  capacity 

3 
of  21  ft  /s  and  would  discharge  directly  into  the  lateral  system. 

Estimated  total  construction  cost  of  the  pumping  plant  and  discharge 

line  is  $178,000. 

LATERAL  SYSTEMS 

Irrigable  areas  of  the  five  potential  units  would  mostly  require  only 
simple  and  relatively  short  laterals,  for  which  costs  were  estimated 
on  a  per-acre  basis  representative  of  similar  work  recently  undertaken. 
About  45  miles  of  branch  canals  would  be  required  for  the  North  Crowheart 
Unit  near  the  east  end;  however,  some  areas  of  substantial  size  are 
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several  miles  distant  from  the  main  canal.      Preliminary  layouts  were 
made  for  these  canals  for  cost  computations, and  cost  was  estimated  at 
$10,447,000. 

Drainage  on  the  North  Crowheart  Unit   (11,600  acres)  would  be  required 
on  all  but  the  higher  terraces.     This  is  necessary  to  protect  adjacent 
lands  of  the  Riverton  Project. 

Most  of  the  Winchester  Unit  (9,680  acres)  is  ideal  for  irrigation  with 
drainage  construction  limited  to  short  lengths  of  collector  and  inter- 
ceptor drains . 

Land   in  the  South  Crowheart  Unit  is  mostly  flat  with  only  slight  slope. 
Drainage  construction  would  be  moderate,   requiring  deep  drains  at 
spacings  of  about  500  feet  for  small  tracts;  while  2,000-foot  spacings 
would  be  adequate  for  the  terrace  lands. 

The  Coolidge  Extension  Unit   (2,030  acres)   is  separated   into  two  groups 
by  a  ridge.     Soils  of  the  western  slope  would  require  drains  at  spacings 
of  500  feet.     The  easterly  group  would  require  spacings  of  800  to  1,000 
feet. 

Drainage  for  the  Shoshoni  Unit   (3,010  acres)  would   involve  measures  to 
control  surface  runoff  from  adjacent  hills,   relief  drainage  for  an 
underground  shale  "dike,"  and  various   interceptor  drains. 

The  following  table  summarizes  the  units  and  drainage  measures  required. 
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Mil 

es  Required 

Estimated 

Open 

Pipe 

Surface 

Cost 

Unit 

Drains 

Drains 

Ditches 

($1,000) 

North  Crowheart 

23.5 

87.0 

20.0 

$5,186 

Winchester 

7.0 

18.0 

14.0 

1,187 

South  Crowheart 

7.5 

24.6 

7.0 

1,332 

Coolidge  Extension 

3.5 

13.0 

3.5 

658 

Shoshoni 

3.0 

17.0 

6.0 

864 

Total 

44.5 

159.6 

50.5 

$9,227 

OPERATION,  MAINTENANCE,  AND  REPLACEMENT 

Costs  for  OM&R  on  the  River ton  Project  during  the  5-year  period  1960- 
1964  averaged  $2.89  per  irrigable  acre.   This  project  has  about  100  miles 
of  main  canals  and  some  80  miles  of  laterals  of  a  size  requiring  frequent 
patrol  for  proper  dispatch  of  water.   By  comparison,  the  five  potential 
units  would  have  about  212  miles  of  main  canals  for  a  combined  area 
somewhat  more  than  half  as  large, but  with  about  90  miles  of  supply 
canals  requiring  less  frequent  patrol  and  with  very  few  sizable  laterals. 
Considering  that  some  of  the  areas  would  probably  be  operated  under  joint 
management  with  pooled  equipment  or  by  contract  with  organizations 
presently  established,  but  allowing  for  the  scattered  nature  of  much 
of  the  land,  an  average  annual  cost  of  $230,800  is  considered  repre- 
sentative . 
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Feature 


Estimated  Cost  ($1,000) 


North  South    Coolidge 

Crowheart  Winchester  Crowheart  Extension  Shoshoni 
Unit      Unit      Unit      Unit     Unit 


Total 


Reservoir: 

Wiggins 
Bull  Lake 
Raft  Lake 

Subtotal 
Diversion  Dams 
Main  Canals 
Lateral  Systems 
Drainage  Const' n. 
Subtotal 


$  1,155  . 
8,824- 
3,609 
4,402 

$17,990 


$6,266 


(Joint-Use)- 
(Joint-Use)- 


$  813 
4,295 
2,241 
1,187 

$8,536 


$6,592 
1,222 
1^332 


4/ 
$l,42(>i' 

632 

658 


$2,406 
935 
864 


-$21. 

■  6, 

6, 

•$34, 

$  1: 

23, 
8, 
8, 


8761/ 
5252 

667 

968 
537 
639 
443 


$9,146    $2,710   $4,205  $42,587 


LeClair-Riverton  and  Riverton  Valley  drainage  systems 
Total  Project  Cost 


928 
$78,182,000 


1_/  Cost  of  enlargement  only. 

2/  Cost  of  upper  15,000  of  50,000  acre-feet  conservation  capacity. 

3/  Includes  branch  canals. 

47  Includes  cost  of  Little  Wind  Supply  Canal. 
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MUDDY  RIDGE  AREA 


The  Muddy  Ridge  Area  of  the  Riverton  Unit  was  authorized  for  a 
feasibility  study  by  Public  Law  94-56   (dated  December  16,   1975). 
The  study  will  investigate  the  potential  of  irrigating  about 
18,000  acres  under  sprinkler  and  gravity  methods.     The  area  is  an 
undeveloped  portion  of  the  Third  Division  of  the  existing  Riverton 
Unit.     Previous   investigations  have  shown  9,000  acres   in  the  unit 
are  irrigable  under  a  gravity  system.     The  Wyoming  Canal,  which 
serves  the  Third  Division,  was  built  with  sufficient  capacity  to 
deliver  water  to  these  9,000  acres.     An  additional  9,000  acres  for 
potential  sprinkler  irrigation  may  be  provided  water  by  capturing 
and  reusing  drainage  waters  from  currently  operating  portions  of  the 
Riverton  Unit. 
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EXCLUDED  AREAS 


Hudson  Bench 


The  area  known  locally  as  Hudson  Bench, a  few  miles  east  of  the  town  of 
Hudson  and  extending  to  near  Beaver  Creek, lies  to  the  south  of  and  over- 
looks the  first  group  of  lands  under  the  potential  Shoshoni  Unit.   It 
contains  about  1,920  acres  of  arable  land  on  gently  sloping  benches, 
with  good  to  excellent  topography  and  soils.   The  soils  are  residual, 
derived  from  sandstone  and  shale,  and  these  lands  were  mostly  designated 
as  Class  1. 

Irrigation  would  depend  upon  provision  of  storage  regulation  in  the 
Popo  Agie  River  system.   The  acreage  is  relatively  small,  however,  and 
no  other  suitable  developments  were  found  in  the  Popo  Agie  subbasin 
which,  together,  would  warrant  such  provision. 

Airport  and  Burma  Benches 

The  flat  top  of  a  high  area  northwest  of  Riverton,  between  the  Pilot 
Canal  and  the  Riverton  No.  2  Canal  (extension  of  LeClair  Canal),  is 
known  locally  as  Airport  Bench.   Ancient  geologic  erosion  has  isolated 
this  bench  on  all  sides  and  nearly  separated  it  from  a  similar  but 
smaller  area  to  the  northeast,  known  as  Burma  Bench.   These  benches, 
comprised  of  a  series  of  terrace  remnants,  have  mostly  very  smooth 
topography  with  gentle  slopes,  and  drainage  conditions  are  excellent. 
The  land  classification  showed  a  total  of  4,450  acres  of  arable  land, 
which  includes  several  nearby  small  tracts  on  slopes  and  fans.   About 
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1,960  acres  were  designated  as  Class  1.   The  soils  on  the  benches  are 
deep  and  on  the  light  side  of  medium-textured,  and  textures  on  the 
slopes  and  fans  range  from  coarse  to  medium. 

Delivery  of  irrigation  water  would  require  pumping  from  Pilot  Canal, 
with  a  lift  of  about  230  feet,  or  from  the  Riverton  No.  2  Canal  with 
a  lift  of  about  400  feet.   From  the  point  of  discharge,  water  could  be 
distributed  over  Airport  Bench  and  carried  over  to  the  Burma  Bench,  and 
also  led  downhill  to  tire  slopes  and  fans.   Under  present  conditions  and 
economics,  however,  the  costs  for  pumping  and  for  a  share  of  necessary 
storage  regulation  would  be  prohibitive. 

Some  of  the  scattered  small  tracts,  totaling  possibly  300  acres,  ulti- 
mately might  be  irrigated  under  private  pumping  systems,  but  such 
possibilities  were  not  considered  for  inclusion  in  this  report. 

Lands  Overlooking  LeClair  Canal 

A  low  divide  lies  between  Wind  River  and  upper  reaches  of  the  Pilot 
Canal, and  continues  southeastward  between  the  Pilot  and  LeClair  Canals. 
About  10  miles  northwest  of  Riverton  this  divide  ends  in  a  low  saddle 
which  separates  it  from  Airport  Bench.   Most  of  the  land  within  this 
strip  is  steep  or  broken  residual  land,  but  about  1,990  acres  were 
classified  as  arable  and  preponderantly  Class  1. 

The  arable  land  is  divided  among  scattered  and  mostly  quite  small  tracts, 
so  positioned  as  to  preclude  irrigation  service  under  a  single  main 
canal.   One  tract  south  of  the  town  of  Kinnear,  however,  could  be 
supplied  by  an  extension  of  an  existing  lateral  from  the  Pilot  Canal,  and 
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one  tract  of  about  130  acres  is  presently  irrigated  by  pumping  from 
that  canal.   Others  might  possibly  be  supplied  by  pumping  from  one  or 
the  other  of  the  two  existing  canals. 

With  an  adequate  water  supply,  a  total  of  possibly  1,850  irrigable 
acres  might  ultimately  be  served  within  the  area  between  the  Pilot  and 
LeClair  Canals.   Construction  costs,  however,  which  necessarily  would 
include  a  share  of  costs  for  storage  regulation,  would  be  prohibitive 
under  present  conditions. 

Tipperary  Unit 

The  Tipperary  Unit,  previously  called  Crow  Creek  Unit,  would  include 
areas  lying  above  the  North  Crowheart  Canal  as  planned,  which  is  in 
essentially  the  same  location  as  the  previously  proposed  Fremont  Canal. 
A  sizable  area  to  the  north  and  northeast  of  Crowheart  Butte  and  some 
lands  along  Dry  Creek,  totaling  about  3,450acres,  were  classified  as 
arable.   The  soils  and  topography  mostly  are  excellent  for  irrigation. 
However,  a  higher  diversion  from  Wind  River  for  the  North  Crowheart 
Canal  was  found  to  be  impracticable  because  of  difficult  terrain,  and 
the  lands  are  not  suitably  positioned  for  pumping. 

A  gaging  station*  intercepting  a  drainage  area  of  about  30  square  miles 
was  installed  on  Crow  Creek  in  1962.   The  recorded  discharge  was 
19,550  acre-feet  in  1963,  15,960  in  1964,  and  29,580  in  1965.   Present 
irrigation  from  Crow  Creek,  supplied  from  natural  flows  when  available, 
amounts  to  only  380  acres.   Therefore,  irrigation  water  probably  would 
be  available  for  storage  to  serve  most  of  the  Tipperary  area.   An 


458 


apparently  favorable  reservoir  site  is  located  in  T.  7  N.,  R.  4  W. 

Tipperary  Unit  investigations  have  been  deferred  until  reliable  stream- 
flow  records  become  available.   If  undertaken,  however,  the  development 
would  be  completely  independent  of  Wind  Division  features  as  presented 
in  this  report,  and  of  existing  developments,  and  the  effect  of  water 
depletions  on  Boysen  Reservoir  inflows  would  be  almost  negligible. 
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REJECTED  RESERVOIR  SITES 

The  DuNoir  reservoir  site  on  Wind  River,  at  the  junction  of  DuNoir  Creek 
and  about  9  river  miles  upstream  from  the  town  of  DuBois,  was  rejected 
early  in  these  investigations  because  of  leakage  problems.   Drilling 
at  the  damsite  disclosed  the  reservoir  area  to  be  underlain  by  the 
same  geologic  formation  as  at  Anchor  Reservoir,  in  the  Bighorn  River 
Basin,  where  serious  leakage  has  developed. 

The  Blue  Holes  reservoir  site  was  investigated  after  rejection  of  the 
DuNoir  site  as  a  possibility  for  providing  the  entire  storage  capacity 
needed  on  Wind  River.   The  greater  tributary  runoff  area  would  have 
reduced  the  capacity  to  75,000  acre-feet  as  the  total  requirement  under 
present  plans,  but  the  estimated  cost  was  found  to  be  considerably 
greater  than  for  the  Wiggins-Bull  Lake  combination.   Geologic  conditions 
are  satisfactory,"  but  the  damsite  is  unusually  wide,  accounting  for  the 
higher  estimated  construction  cost. 

The  Dinwoody  Lakes  storage  possibility  on  Dinwoody  Creek  was  reexamined, 
but  the  capacity  would  be  small  and  construction  costs  per  acre-foot 
correspondingly  high.   Furthermore,  the  scenic  beauty  of  the  present 
lakes  would  be  marred  by  the  change  to  a  typical  reservoir  with  exposed 
shoreline  areas  and  mudflats  during  low  reservoir  content,  and  this 
probably  could  not  be  justified. 

The  Brooks  Lake  reservoir  site  on  Brooks  Lake  Creek,  a  minor  tributary 
of  Wind  River,  recently  was  proposed  by  local  interests.   It  offers 
only  a  small  storage  capacity,  however,  high  in  the  mountains.   The 
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U.S.  Forest  Service  has  expressed  definite  opposition  to  this  proposal 
because  of  impairment  of  scenic  beauty  in  the  Shoshoni  National  Forest, 
similar  to  that  described  for  the  Dinwoody  Lakes  site. 

BENEFIT-COST  ANALYSIS 

Project,  interest  during  construction,  and  OM&R  costs  for  the  five  units 
in  the  Wind  Division  development  are  summarized  and  net  benefits  are 
determined  in  the  following  tabulation. 
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DISPLAY  OF  ACCOUNTS  WORKSHEETS 

(1)  Project  Name:   Wind  Division 
Map  ID:   619-600-88 

(2)  Location: 

Subregion:   Yellowstone  River  Basin 
Drainage  Basin:  Wind  River 
State:   Wyoming 
Vicinity:   Riverton 

(3)  Implementation : 

Agency:   USDI,  Bureau  of  Reclamation 

Authority:   Flood  Control  Act  of  1944  (58  Stat.  887),  supplemented 
by  the  Flood  Control  Act  of  1946  (60  Stat,  641) 

(4)  Source  of  Information: 
Completed  by:   Jerald  Farringer 
Date  Completed:  March  1977 

Reference  Documents:   Report  on  Wind  Division,  USBR,  October  1966 
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WIND  DIVISION 

(ANNUAL  EQUIVALENTS) 

NED  ACCOUNT 

BENEFICIAL  EFFECTS 

Irrigation  $1,929,300 

Total  beneficial  effects  $1,92  9,300 

ADVERSE  EFFECTS 

Installation  cost  $5,310,000 

Interest  during  construction  319,000 

OM&R  171,000 

Total  adverse  effects  $5,800,000 

NET  BENEFICIAL  EFFECTS  -$3,870,700 
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WIND  DIVISION 

RD  ACCOUNT 
(ANNUAL  EQUIVALENTS) 

North  South 

Crowheart  Winchester  Crowheart  Coolidge  Exten.   Shoshoni 


BENEFICIAL  EFFECTS 


User  benefits     $  $         $        $       $       $ 

Irrigation  731,800    610,700  268,800   128,100          189,900 

Regional  benefits 

Employment  310,000    257,000  142,000    47,000           75,000 

Induced  &   stemming  568.600  _   474.500  208.900    75,000  25,000*  148,000 

Total  beneficial 

effects      $1,610,400  $1,342,200  $619,700  $250,100  $25,000*  $412,900 


"'Adjacent  Region 
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WIND  DIVISION 
SOCIAL  WELL-BEING  ACCOUNT 
Introduction:   The  proposed  Wind  Division  is  in  a  sparsely  populated 
and  relatively  undeveloped  area.   Construction  of  the  combined  Wind 
Division  facilities  would  have  a  substantial  socioeconomic  impact 
during  the  construction  years. 

Construction  Crews:   Assuming  simultaneous  construction  of  the  five 
units  in  the  Wind  Division,  it  is  estimated  that  a  total  of  2,000  man- 
years  of  labor  would  be  required,  of  which  50  percent  would  be  imported 
from  the  adjacent  region,  principally  the  Billings-Laurel  areas.   The 
remaining  labor  component  ideally  would  be  recruited  from  the  reserva- 
tion.  During  the  5-year  construction  period,  crews  would  vary  in  size 
from  50  during  the  first  and  last  years  to  300  during  the  middle  3 
years  of  construction. 

Housing:   The  out-of-area  workers  and  their  families  would  require  an 
additional  150  units  of  housing  during  the  3-year  high  construction 
period.   Much  of  the  demand  would  be  satisfied  with  temporary  housing, 
principally  mobile  homes.   However,  this  increased  demand  would  involve 
additional  facilities  such  as  electricity,  sanitary  sewers,  and  water, 
thereby  creating  at  least  temporary  pressures  on  prices  of  these 
services.   Inflationary  pressures  on  rental  housing  also  could  be 
expected. 

School  Facilities:   Approximately  125  children  from  out-of-area  workers' 
families  would  have  to  be  accommodated  by  school  systems  during  the 
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construction  period.   This  would  involve  both  an  economic  and  social 
impact.   The  additional  studeilts  probably  would  require  construction  of 
some  additional  classroom  facilities,  additional  supplies,  and  busing 
facilities.   The  new  students  also  would  bring  attitudes  differing  from 
local  norms,  and  the  reservation  setting  would  present  a  possibility 
of  cultural  conflicts. 

Community  Services  and  Prices 

The  short-term  increased  population  and  purchasing  power  would  increase 
demand  for  shopping  facilities  and  community  services.   Some  physical 
expansion  of  facilities  would  take  place,  especially  for  serving 
increased  agriculture  requirements;  however,  current  facilities  would 
be  expected  to  accommodate  temporary  increased  demand  for  most  other 
services.   This  would  create  temporary  inflationary  pressures  in  many 
markets,  resulting  in  permanently  higher  residual  price  structures  in 
some  areas.   Thus,  there  would  be  some  permanent  adverse  effects  on 
fixed-income  recipients  and  on  those  whose  incomes  adjust  only  slowly 
to  general  price  rises.  The  source  of  inflationary  pressures  is  also 
the  source  of  increased  employment  bases,  both  temporary  and  permanent. 

Culture  and  Population 

The  Indian  reservation  setting  of  the  project  increases  the  likelihood 
of  cultural  disharmony.   Conflicting  norms  and  attitudes  of  out-of-area 
workers  and  Indians  would  require  continual  accommodation.   Even  then 

social  pressures  would  abound,  not  only  because  of  cultural  bias,  but 
also  due  to  effects  of  increased  population  per  se. 


■a   m  -* 
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EQ  ACCOUNT 
BENEFICIAL  EFFECTS 

AREAS  OF  NATURAL  BEAUTY  AND  HUMAN  ENJOYMENT: 

Create  three  reservoirs  with  a  total  capacity  of  180,000  acre-feet, 

Provide  recreation  facilities — access  roads,  parking  lots,  boat 
ramps,  fire  grates,  toilets. 

BIOLOGICAL,  GEOLOGICAL, AND  ECOLOGICAL  EFFECTS: 

Create  some  pheasant  habitat  in  irrigation  areas. 

Create  some  aquatic  fur  animal  habitat  in  canal  and  laterals. 

Create  some  goose  and  duck  nesting  areas. 

Waste  grains  would  provide  waterfowl  food. 

Maintain  stable  and  adequate  downstream  flows. 

ARCHEOLOGICAL,  HISTORICAL, AND  CULTURAL  ELEMENTS: 

Development  of  portions  of  the  Wind  River  Reservation  would  affect 
the  existing  culture. 

WATER  QUALITY: 

Remove  some  silt  from  streams. 
AIR  QUALITY: 

None. 
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EQ  ACCOUNT 
ADVERSE  EFFECTS 

AREAS  OF  NATURAL  BEAUTY  AND  HUMAN  ENJOYMENT  LOST: 

Inundation  of  about  3,000  acres  of  habitat. 

Visual  effect  of  100  miles  of  canal  and  laterals,  diversion  dam, 
pumping  plants,  dams,  powerplants,  transmission  lines,  access 
road,  and  recreation  facilities. 

Visual  impact  from  large  lake  level  fluctuations. 

About  20  miles  of  scenic  mountain  stream  converted  to  slack  water. 

Displacement  of  wildlife  from  project  area. 

Natural  value  of  the  Shoshone  and  Gallatin  National  Forests  would 
be  reduced. 

Project  located  on  tourist  route  to  Yellowstone  Park. 

Project  area  is  still  largely  a  wilderness  mountain  area. 

Hunting  would  be  lost  on  inundated   acres  plus  other  project  lands. 

Fishing  on  20  miles  of  stream  would  be  eliminated. 
BIOLOGICAL,  GEOLOGICAL, AND  ECOLOGICAL  ELEMENTS: 

Average  annual  streamflows  would  be  depleted  by  180,000  acre-feet. 

The  loss  of  secluded  areas  would  affect  big  game  animals. 

Valuable  wildlife  habitat  would  be  lost. 

Moderate  effect  on  aquatic  fur  animals  in  the  main  valley. 

Loss  of  sage  grouse  habitat. 
ARCHEOLOGICAL,  HISTORICAL, AND  CULTURAL  ELEMENTS  LOST: 

None. 

I RREVERS I BLE  CON  S I DERATI ON  S : 

Area  cannot  return  to  its  former  condition  after  the  economic  life 
of  the  project  is  complete. 
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Loss  of  20  miles  of  natural  stream. 

WATER  QUALITY: 

Some  increase  in  salinity  of  return  flows  into  lower  portion  of 
main  river. 

AIR  QUALITY: 

Increase  of  particulate  matter  and/or  gases  from  soil  erosion, 
machinery  activity,  and  support  facilities. 
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BIGHORN  RIVER  BASIN    ISSUE   PAPER 

PROBLEMS  AND  NEEDS 

The  Bighorn  Basin  is  primarily  an  agricultural  area  with  crop  pro- 
duction dependent  upon  irrigation.   A  primary  need  in  the  basin  is 
for  greater  conservation  and  control  of  available  water,  both  for 
supplemental  supply  of  presently  irrigated  land  and  for  irrigation  of 
additional  land.   The  latter  would  stabilize  agricultural  production 
in  areas  short  of  water. 

Shortages  of  water  for  irrigation  occur  periodically  in  the  Greybull 
River  and  other  smaller  streams  of  the  basin.   The  range-livestock 
type  of  operation  that  predominates  in  the  area  requires  a  more  depend- 
able supply  of  water  to  insure  production  of  fall  pasture  and  suffi- 
cient feed  for  wintering  livestock. 

The  effect  of  water  shortages  on  agriculture  extends  beyond  the  ranches 
and  farms  to  the  trade  areas.   Business  enterprises  find  their  incomes 
fluctuating  with  those  of  the  livestock  producers  and  cash-crop  farmers. 

Land  suitable  for  sustained  irrigation  is  limited  in  the  basin.   Less 
than  10  percent  of  the  area  consists  of  level  stream  terraces  or 
benches  and  bottom  land  suitable  for  irrigation. 

Storage  regulation  is  essential  for  conserving,  controlling,  and  more 
fully  utilizing  the  water  resource.   Runoff  from  melting  snow  in  the 
surrounding  mountains  reaches  a  maximum  in  May,  June,  and  early  July, 
and  much  of  this  spring  runoff  would  leave  the  basin  if  it  were  not 
stored  in  existing  reservoirs. 

With  existing  stream  regulation,  floods  do  not  pose  a  serious  problem 
in  the  basin.   Regulatory  storage  is  provided  in  Boysen  Reservoir, 
Buffalo  Bill  Reservoir,  Sunshine  Reservoir,  Anchor  Reservoir,  and 
several  smaller  reservoirs  on  other  streams. 
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EXISTING  IRRIGATION  -  PRIVATE 

Private  irrigation  of  land  in  large  blocks  started  about  the  turn  of 
the  century.   Canals  constructed  at  this  time  included  the  Big  Horn, 
Upper  Hanover,  Lower  Hanover,  and  Bluff  Canals,  diverting  from  the 
Bighorn  River;  the  Sidon,  Elk-Lovell,  and  Cody  Canals,  diverting  from 
the  Shoshone  River;  and  the  Farmers  and  Bench  Canals,  diverting  from 
the  Greybull  River. 

Sunshine  Reservoir,  constructed  by  Greybull  Valley  Irrigation  District, 
has  a  storage  capacity  of  52,000  acre-feet.   Floodflows  of  the  Grey- 
bull are  diverted  by  a  feeder  canal  to  the  reservoir. 

Supplemental  water  for  irrigated  land  in  the  Shell  Creek  area  has  been 
provided  by  a  640  acre-feet  reservoir  to  serve  1,200  acres  along  Beaver 
Creek,  and  a  2,000  acre-feet  reservoir  to  serve  2,700  acres  along  Shell 
Creek. 

EXISTING  IRRIGATION  -  BUREAU  OF  RECLAMATION 

Existing  BR  irrigation  developments  in  the  division  are  Shoshone 
Project,  Owl  Creek  Unit,  Hanover-Bluff  Unit,  and  Boysen  Unit.   Although 
Boysen  Unit  is  technically  in  the  Wind  Division,  it  benefits  the  Big 
Horn  Division. 

There  are  four  divisions  in  the  Shoshone  project:   Heart  Mountain, 
Garland,  Frannie,  and  Willwood. 

Irrigable  and  irrigated  land  is  distributed  among  the  divisions  of  the 
project  as  follows: 


Irrigable 

Acres 

Division 

Acres 

Irrigated  (1969) 

Garland 

35,905 

31,822 

Frannie 

14,600 

12,772 

Willwood 

11,313 

10,790 

Heart  Mountain 

26,423 

24,504 

Total 

88,241 

79,888 
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The  Garland  and  Frannie  Divisions  are  served  by  Garland  Canal,  which 
diverts  from  the  Shoshone  River  at  Corbett  Diversion  Dam  about  16  miles 
downstream  from  Buffalo  Bill  Dam,  and  Frannie  Canal,  which  diverts  from 
Garland  Canal.   The  Willwood  Division  is  served  by  Willwood  Canal, 
which  diverts  water  from  Corbett  Dam.   The  Heart  Mountain  Division  is 
served  by  Heart  Mountain  Canal,  which  is  supplied  directly  from  Buffalo 
Bill  Reservoir  by  the  Shoshone  Canyon  Conduit. 


STATUS  OF  EXISTING  IRRIGABLE  LANDS  -  1974 


Full 

Supplemental 

Irrigation 

Irrigation 

Total 

Service 

Service 

Irrigable 

Project 

Classes  1-4 

Classes  1-4 

Acres 

Bighorn  Basin 

Hanover-Bluff  Unit 

7,441 

7,441 

Owl  Creek  Unit 

11,251 

12,993 

Boysen  Unit 

• 

Big  Horn  Canal  Assoc . 

23,373 

23,373 

Bluff  I.D. 

2,976 

2,976 

Hanover  I.D. 

13,184 

13,184 

LeClair-Riverton  I.D. 

11,510 

11,510 

Riverton  Valley   I.D. 

8,400 

8,400 

Worland  Area 

1,747 

1,747 

Riverton  Unit 


59,716 


67,947 


Shoshone 

Elk  W.U.A. 

Frannie  Division 

14,600 

Garland  Division 

35,853 

Heart  Mountain  Division 

27,337 

Lovell  I.D. 

Willwood  Division 

11,530 

Totals 


156,477 


4,261 


10,300 


87,002 


4,261 
14,600 
35,853 
27,337 
10,300 
11,530. 

245,221 


The  power  system  of  the  Shoshone  Project  consists  of  the  Shoshone  and 
Heart  Mountain  powerplants  with  installed  capacities  of  5,600  and 
5,000  kilowatts,  respectively. 

The  Owl  Creek  Unit  was  built  to  serve  land  that  had  been  irrigated,  but 
with  insufficient  water  or  with  inadequate  facilities.   Lucerne  Pumping 
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Plant  No8.  1  and  2  were  built  and  canals  rehabilitated  or  constructed 
to  serve  3,210  acres  in  the  Lucerne  area  with  Bighorn  River  water. 
Construction  of  Anchor  Datn  on  Owl  Creek  was  to  supply  water  for  about 
9,913  acres.   The  reservoir  will  have  an  active  storage  of  16,500  acre- 
feet.   After  completion  of  the  dam  and  partial  filling,  leaks  developed 
in  the  reservoir  bottom, and  efforts  to  seal  off  the  openings  into  the 
substrate  are  continuing. 

In  1969  there  were  3,170  acres  irrigated  with  a  full  water  supply  in 
the  Lucerne  area  and  7,751  acres  irrigated  with  a  partial  water  supply 
in  the  middle  and  upper  areas.   Owl  Creek  Irrigation  District  is  opera- 
ting the  unit. 

The  Hanover-Bluff  Unit  comprises  two  areas  served  from  a  common  diver- 
sion on  the  Bighorn  River.   By  enlarging  and  rehabilitating  existing 
facilities  used  by  Hanover  and  Bluff  Irrigation  Districts  and  constructing 
new  canals  (1957),  pumping  plants  (1956),  and  laterals,  7,395  acres  of 
new  land  were  placed  under  irrigation. 

Natural  flow  of  the  Bighorn  River  is  turned  by  a  diversion  dam  into 
Upper  Hanover  Canal.   At  Mile  3,  water  is  diverted  into  Bluff  Canal 
which  serves  1,336  acres  in  Bluff  Irrigation  District.   Upper  Hanover 
Canal  continues  on  for  10  miles  and  serves  6,105  acres  in  Hanover 
Irrigation  District. 

LAND  CLASSIFICATION 

In  land  classification  surveys  in  the  Bighorn  Basin,  intensity  varied 
from  reconnaissance  to  detailed.   These  surveys  were  conducted  to 
determine  the  extent,  location,  and  character  of  land  suitable  for 
sustained  irrigation.  Arable  land  was  classified  principally  into 
three  land  classes,  1,  2,  and  3.   Small  acreages  of  Class  4P  and  5  lands 
were  delineated  in  some  areas.   The  difference  between  the  detailed 
land  classification  and  the  semidetailed  and  reconnaissance  land 
classifications  was  mainly  intensity  of  coverage. 
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PLANS  POR  POTENTIAL  IRRIGATION  DEVELOPMENT 

Numerous  plans  were  considered  for  developing  irrigable  land  in 
various  areas  of  the  Bighorn  Basin.   The  plans  presented  in  this  report 
for  Shoshone  Extensions  Unit,  Bighorn  Unit,  Greybull  Flat  Unit,  Cody 
Pump  Area,  and  Ralston  Pump  Area  appear  to  be  feasible  and  desirable 
under  present  conditions.   However,  water  supply  and  landownership 
problems  need  to  be  resolved  for  maximum  development  in  Shoshone 
Extensions  Unit.   Resolution  of  the  water  supply  problem  for  the  unit 
is  dependent  upon  determination  of  reasonable  beneficial  use  of  water 
on  existing  irrigated  land  in  the  Shoshone  Project. 

Basic  field  data  obtained  for  the  irrigable  areas  vary  from  reconnais- 
sance to  detailed.   Construction  cost  estimates  are  in  general  based 
upon  quantities  and  are  indexed  to  prices  prevailing  in  January  1975, 
except  Polecat  Bench  which  is  indexed  to  January  1970.   Estimates  of 
operation,  maintenance,  and  replacement  costs  are  reconnaissance  in 
detail  and  are  based  upon  prices  in  January  1975. 

Field  data  for  the  Bighorn  and  Greybull  Flat  Units  are  semidetailed 
for  the  most  part,  and  some  additional  study  and  survey  would  be 
necessary  for  a  definite  plan  report  on  each  unit.   Field  data  for 
other  irrigable  areas  suggested  for  development  are  mostly  of  recon- 
naissance type,  and  additional  studies  and  detailed  surveys  would  be 
needed  for  final  plans. 

Obtaining  right-of-ways  for  new  water  supply  and  distribution  facilities 
for  irrigation  would  not  be  a  problem,  and  few  existing  properties  or 
facilities  would  require  relocation. 

Shoshone  Extensions  Unit  (North) 

Water  for  irrigable  land  in  Shoshone  Extensions  Unit  (North),  including 
19,200  acres  on  Polecat  Bench  and  1,270  acres  in  Frannie  Loop,  would 
be  supplied  from  Buffalo  Bill  Reservoir  via  the  existing  Shoshone 
Canyon  Conduit  and  Heart  Mountain  Canal.   Capacity  of  the  Heart 
Mountain  Canal  throughout  its  length  is  sufficient,  with  inclusion  of 
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regulatory  storage  on  Holden  Reservoir  on  Polecat  Bench,  to  supply 
presently  irrigated  land  in  the  Heart  Mountain  Division  of  Shoshone 
Project  plus  irrigable  land  in  the  Cody  pump  area  (addition  to  the 
Heart  Mountain  Division)  and  in  the  Polecat  Bench  area. 

Water  will  be  carried  from  the  terminus  of  the  Heart  Mountain  Canal 
to  Polecat  Bench  via  the  Polecat  Canal,  which  will  deliver  water  to 
Holden  Reservoir.   About  3,280  acres  of  irrigable  land  on  the  upper 
end  of  Polecat  Bench,  lying  above  the  Polecat  Canal,  will  be  served 
by  pumping  from  that  canal.   Two  pumping  plants,  one  a  relift  plant, 
will  deliver  water  to  this  land.   The  primary  plant,  located  on  the 
canal,  will  contain  two  pumps,  each  with  a  capacity  of  32  cubic  feet 
per  second  against  a  static  head  of  67.5  feet  (total  dynamic  head 
75  feet).   The  relift  head,  which  will  deliver  water  to  460  acres,  will 
contain  two  pumps,  each  with  a  capacity  of  6  cubic  feet  per  second 
against  a  static  head  of  17  feet  or  a  total  dynamic  head  of  20  feet. 

Polecat  Canal  will  supply  1,950  acres  of  irrigable  land  by  direct 
gravity  diversion  from  the  canal  and  6,320  acres  through  the  Kitty  Canal. 
It  will  have  a  capacity  of  228  cubic  feet  per  second  throughout  its 
length.   This  capacity  is  sufficient  to  satisfy  peak  irrigation  demands 
enroute  and  provide  a  small  surplus  of  water  for  delivery  to  Holden 
Reservoir.   Major  structures  in  the  canal  include  three  siphons  with 
lengths  of  5,103  feet,  1,713  feet,  and  31,450  feet.   A  tunnel  5,070  feet 
long  will  also  be  required.   A  fourth  siphon  1,600  feet  long  will  be 
constructed  under  the  northwest  corner  of  Powell  Airport  on  the  bench. 

Kitty  Canal  will  "in  effect  be  a  lateral  diverting  from  Polecat  Canal 
to  serve  land  in  the  approximate  center  of  the  bench.   It  will  have 
an  initial  capacity  of  120  cubic  feet  per  second  and  extend  along  the 
northwest  side  of  the  bench  for  about  10*5  miles,  terminating  at  Polecat 
Bench  trunk  drain. 

Holden  Reservoir  will  provide  6,000  acre-feet  of  regulatory  storage 
in  the  Polecat  Bench  irrigation  system.   It  is  to  be  located  near  the 
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center  and  southeast  edge  of  the  bench.   Holden  Dam  will  be  a  compacted 
earthfill  embankment  with  a  maximum  height  of  59  feet,  a  crest  width 
of  25  feet,  and  a  crest  length  of  5,500  feet.   No  spillway  will  be 
provided.   The  outlet  works  will  have  a  capacity  of  about  200  cubic 
feet  per  second.   Runoff  from  about  2  square  miles  drain  directly  into 
the  reservoir. 

Holden  Canal,  originating  at  the  outlet  works  of  Holden  Reservoir  and 
having  an  initial  capacity  of  155  cubic  feet  per  second,  will  deliver 
water  to  6,930  acres  of  irrigable  land  at  the  northeast  end  of  Polecat 
Bench  and  1,270  acres  in  the  Frannie  Loop.   The  canal,  14  miles  long, 
will  be  carried  off  the  bench  in  a  chute  and  will  terminate  at  Blue 
Lake,  a  small  regulatory  reservoir  contained  within  the  Frannie  Canal 
which  serves  the  Frannie  Division  of  the  Shoshone  Project.   The  chute 
will  be  about  400  feet  long,  providing  a  fall  of  about  120  feet,  and 
have  a  capacity  of  32  cubic  feet  per  second. 

Outlet  for  surface  and  subsurface  drainage  on  Polecat  Bench  will  be 
provided  by  Polecat  Trunk  Drain,  to  be  located  in  a  swale  traversing 
the  bench.   Controlled  wastes  from  this  drain  will  be  carried  into 
Holden  Canal  via  the  Elk  Basin  Collection  Channel.   Terminal  waste  of 
the  Holden  Canal  are  to  be  held  to  a  minimum  through  reuse  of  water. 

The  total  estimated  construction  cost  for  Shoshone  Extensions  Unit 
(North)  is  $30,607,000. 

Estimated  annual  cost  of  operation,  maintenance,  and  replacement  for 
the  North  area  with  full  development  of  Shoshone  Extensions  Unit  is 
$80,500  or  $4,19  an  acre.   Annual  OM&R  costs  are  $69,800, 

Polecat 
Proposed  Construction 

Features  to  be  constructed  specifically  for  the  Polecat  Bench  develop- 
ment include  the  Polecat  and  Holden  Canals,  Holden  Dam  and  Reservoir, 
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two-  small  pumping  plants  with  associated  electrical  facilities,  and 
distribution  and  drainage  systems.   Some  modification  of  the  Heart 
Mountain  Canal  also  will  be  necessary,  with  the  costs  assignable  to  the 
new  development , 

Heart  Mountain  Canal  Modification 

3 
The  Shoshone  River  siphon  was  constructed  for  a  capacity  of  914  ft  fa, 

3 
Terminal  capacity  of  the  Heart  Mountain  Canal,  as  designed,  is  255  ft  /s. 

Under  present  operating  conditions,  however,  there  are  several  reaches, 

totaling  about  12,300  lineal  feet,  where  an  increase  of  3  to  6  inches 

in  the  height  of  concrete  lining  would  be  required  to  maintain  free- 

board  in  supplying  the  212  ft  /s  needed  for  the  Polecat  Bench  development, 

The  walls  of  two  short  rectangular  concrete  flumes  would  also  require 

smaller  increases  in  height. 

Polecat  Canal 

3 
The  Polecat  Canal,  with  an  undiminished  capacity  of  212  ft  /s  and  an 

overall  length  of  about  18  miles,  will  begin  at  the  terminus  of  the 
Heart  Mountain  Canal  and  end  with  a  chute  into  the  proposed  Holden 
Reservoir.  Along  its  length  of  approximately  8.9  miles  after  reaching 
the  bench,  it  will  serve  8,040  acres  of  irrigable  land.   In  addition 
to  conveying  water  to  Holden  Reservoir,  it  also  will  supply  a  small 
pumping  plant  to  serve  an  additional  area  of  3,100  irrigable  acres  at 
the  extreme  southwest  end  of  the  bench  area,  of  which  430  acres  require 
relift  pumping. 

A  parshall  flume  measuring  device  at  the  end  of  Heart  Mountain  Canal 
will  be  followed  by  three  buried  siphons  of  precast  concrete  pressure 
pipe,  with  lengths  of  5,130,  1,738,  and  31,484  feet,  and  a  5,070-foot 
tunnel.   A  rectangular  concrete  bench  flume  continuing  to  the  tunnel 
entrance,  80  feet  in  length,  will  be  provided  with  an  outlet  to  the 
pumping  plant.   With  intervening  sections  of  open  canal  and  the 
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transitions,  the  total  length  of  Polecat  Canal  to  its  open  section  on 
the  bench  will  be  about  9  miles.   Major  structures  on  the  bench  are  to 
include  a  check  and  turnout,  a  2,000-foot  siphon  of  concrete  pressure 
pipe  under  the  northeast  corner  of  the  airport,  and  a  730-foot  chute 
into  Holden  Reservoir.   About  3  miles  after  leaving  the  tunnel,  the 
flow  in  the  canal  is  to  be  augmented  by  a  special  diversion  from  the 
trunk  drain. 

Main  and  branch  laterals  will  provide  irrigation  service  to  6,580  acres 
of  the  irrigable  land  supplied  by  Polecat  Canal,   It  will  divert  from 
that  canal  about  1.5  miles  after  it  leaves  the  tunnel,  with  an  initial 
capacity  of  137  ft3/s  and  a  length  of  8.7  miles.  One  other 

very  small  lateral  is  required  from  Polecat  Canal,  a  short  distance 
before  it  reaches  Holden  Reservoir, 

Pumping  Plants 

The  first  and  larger  of  the  two  pumping  plants  is  to  be  supplied 
directly  from  Polecat  Canal  on  the  north  side  of  the  bench  flume  at 
the  tunnel  entrance,  where  a  site  is  to  be  excavated  into  the  22-degree 
natural  slope.   It  will  have  a  rated  capacity  of  58,5  ft  /s  (67.2  ftd/s 
design  capacity  with  15  percent  wear  allowance)  operating 
under  a  static  lift  of  64,2  feet  to  serve  the  total  pumping  area  of 
3,100  irrigable  acres.   The  total  discharge  will  be  supplied  by  five 
units  powered  by  electric  motors  with  a  combined  rating  of  620  horse- 
power.  The  discharge  line  will  consist  of  a  steel  manifold  and  135  feet 
of  precast  concrete  pressure  pipe,  delivering  water  to  a  lateral  system 
serving  land  overlying  the  tunnel  location. 

The  reflit  pumping  plant  will  be  supplied  by  a  short  branch  to  the 
right  from  the  first  right-hand  lateral  of  the  system,  at  a  total 

distance  of  about  one-half  mile  from  the  main  plant  discharge,   It  will 

3  3 

have  a  rated  capacity  of  16,1  ft  /s  (18,5  ft  /s  design  capacity  with 

15  percent  wear  allowance),  under  a  static  lift  of  18,2  feet  to  serve 


479 


480 


430  irrigable  acres.   The  total  discharge  will  be  supplied  by  three 
units  powered  by  electric  motors  with  a  combined  rating  of  65  horsepower. 

The  estimated  average  annual  energy  requirements  are  915,000  kilowatt- 
hours  with  a  peakload  of  462  kilowatts  at  the  main  pumping  plant,  and 
46,000  at  the  relift  plant  with  a  peakload  of  49  kilowatts.   Power 
is  to  be  supplied  from  the  Ralston  (Bureau  of  Reclamation)  substation, 
which  requires  a  600-ampere  breaker  bay  addition.   About  6  miles  of 
12 .47-kilovolt  distribution  line  will  be  constructed  to  a  750-kVA 
substation  near  the  main  pumping  plant,  and  a  0,4-mile  extension  of 
2.4-kilovolt  line  to  a  45-kVA  substation  near  the  relift  plant.   The 
plan  of  service  to  be  adopted  is  to  be  the  best  available  at  the  time 
of  development.   It  might  be  found  advantageous  to  utilize  the  facilities 
of  a  cooperative  or  of  a  private  utility  if  available  at  lower  costs 
than  estimated  herein, 

Holden  Dam  and  Reservoir 

Holden  Reservoir  would  be  an  off-channel  storage  feature  on  Polecat 
Bench,  immediately  north  of  the  Elk  Basin  highway  from  Powell  and  near 
the  southeast  escarpment.   For  the  maximum  capacity  of  11,850  acre-feet 
including  1,950  acre-feet  of  surcharge  capacity,  two  small  dikes  are 
required  at  the  upper  (southeast)  end  and  one  on  the  east  shore,  to 
contain  the  floodwater.   This  reservoir  height,  however,  would  be 
reached  only  during  unusually  heavy  rainstorms  and  retained  only  a  few 
hours.   Storage  capacities  and  other  pertinent  data  are  as  follows: 

Elevation*    Capacity     Area 
(ft,  m,s,l,)   (acre-feet)   (acres) 

Crest  of  dam 

Surcharge  capacity 

Active  conservation  capacity 

Inactive  capacity 

Dead  storage 

Minimum  ground  surface 

Total  controlled  capacity  9,900 

*Top  of  space,  where  applicable. 


5011.0 

5005,1 

(1,950) 

640 

5001.5 

8,500 

555 

4975,0 

300 

151 

4973,0 

1,100 

130 

4945,0 

0 

0 

Holden  Reservoir  site  lies  at  the  upper  end  of  a  relatively  gently 
sloping  coulee  which  is  tributary  to  the  Cottonwood  Creek  channel 
about  4  miles  to  the  north  of  the  damsite.   The  alluvial  and  residual 
soil  overburden  ranges  in  depth  from  2  to  10  feet  over  bedrock,  and 
consists  of  clayey  silt  and  silty  to  clayey  fine  sand  with  occasional 
gravels  and  gravel  lenses,   At  the  damsite,  the  overburden  ranges  from 
7  to  20  feet  at  the  left  abutment  and  4  to  14  feet  on  the  right,   The 
overburden  is  underlain  by  members  of  the  Polecat  Bench  formation  of 
Paleocene  Age,  which  consists  of  alternating  and  lenticular  beds  of 
bentonitic  and  gypsiferous  clay  shale,  weakly  to  moderately  cemented 
siltstone,  and  fine  grain  sandstone  with  occasional  thin  beds  of 
bentonite  and  limestone, 

Holden  Dam  will  be  an  earthfilled  structure  with  a  maximum  height  of 
65  feet  above  natural  ground,  a  crest  length  of  approximately  6,070  feet, 
and  a  graveled  road  across  the  crest,   The  chute  from  Polecat  Canal 
will  discharge  immediately  above  the  left  abutment.   Three  small  dikes 
also  are  required,  as  mentioned  above, 

The  spillway,  4  feet  wide  to  provide  for  a  maximum  emergency  discharge 
of  98  ft  /s  over  a  fixed  crest,  will  be  incorporated  in  a  concrete 
structure  that  also  will  contain  the  outlet  control  works,   The  spill- 
way is  to  be  so  arranged  that  its  overflow  discharges  will  be  contained 
and  directed  into  the  irrigation  outlet  conduit,  This  conduit  is 
to  end  in  a  small  stilling  basin,  where  the  water  would  be  directed 
into  Holden  Canal, 

The  outlet  works  are  designed  for  a  capacity  of  98  ft  /s  with 
reservoir  level  at  elevation  4975,  and  for  a  maximum  capacity  of 
160  ft  /s  at  elevation  5000,   Flows  are  to  be  controlled  by  two  electric 
motor-operated  slide  gates.   Sills  of  the  trashrack  structure  at  the 
upstream  face  of  the  dam  will  be  placed  at  elevation  4973,  with  minimum 
water  surface  being  established  at  elevation  4975,  to  provide  for  the 
required  irrigation  releases  during  the  month  of  August, 
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Runoff  from  an  area  of  about  2  square  miles  will  drain  directly  into 
the  reservoir.   The  maximum  inflow  as  shown  by  the  design  flood  would 
be  equivalent  to  1,850  ft  /s,  with  a  2-day  volume  of  1,300  acre-feet. 
Polecat  Canal  flowing  at  full  capacity  of  212  ft  /s  would  contribute 
an  additional  850  acre-feet.   With  the  reservoir  at  full  conservation 
storage  and  the  outlet  gates  closed,  the  combined  inflow  would  be  safely 
impounded  in  the  surcharge  capacity  of  1,950  acre-feet  while  being 
drawn  off  by  the  emergency  spillway, 

Sheet  erosion  from  the  drainage  area  will  be  the  principal  source  of 
sedimentation,  estimated  at  about  1  acre-foot  per  year.  With  probably 
very  little  sediment  inflow  from  Polecat  Canal,  the  total  accumulation 
in  100  years  is  conservatively  estimated  at  200  acre-feet  or  less  than 
20  percent  of  the  dead  storage  space.   Sedimentation  within  the  conser- 
vation storage  space  will  be  negligible, 

Holden  Canal 

Holden  Canal  will  begin  with  a  Parshall  measuring  flume  installed 

immediately  below  the  stilling  basin  at  the  end  of  Holden  Dam  outlet 

3 
conduit.   Its  initial  capacity  of  160  ft  /a   will  serve  6,860  irrigable 

acres  on  the  bench  and  1,200  in  the  Frannie  Loop  area.   The  total  length 

will  be  about  13,3  miles,  with  9  miles  on  the  bench,  a  pipe  chute 

2,800  feet  long    making  the  descent,  and  3,8  miles  in  the  Frannie 

3 
Loop  area,   The  capacity  will  be  reduced  to  106  ft  /s  at  the  first 

lateral  turnout,  .only  65  feet  below  the  stilling  basin.   It  then  will 

3 
be  diminished,  as  turnouts  are  made,  to  28  ft  /s  at  the  terminal 

wasteway,  where  surplus  water  will  discharge  into  the  existing  Frannie 

Canal.   Any  water  so  wasted  could  be  spilled  from  that  canal  into 

Sage  Creek,  about  6  miles  distant. 


The  Holden  Canal  distribution  system  will  include  two  large  and 
several  small  laterals  on  Polecat  Bench,  and  one  lateral  in  the  Frannie 
Loop  area.   The  first  of  the  large  laterals  will  branch  to  the  left 
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immediately  below  the  headworks,  with  an  initial  capacity  of  54  ft  /s, 
and  have  several  sublaterals.  The  second,  at  Mile  2.2  and  with  an 

Q 

initial  capacity  of  35  ft  /s,  will  have  only  two  small  branches.  At 
about  Mile  2.8  on  this  lateral,  a  special  diversion  from  the  trunk 
drain  will  augment  the  water  supply.  At  about  Mile  9  on  Holden  Canal, 
immediately  before  it  leaves  the  bench,  a  special  structure  will 
provide  for  admission  of  water  from  the  end  of  the  trunk  drain,  with 
an  emergency  wasteway  into  a  nearby  gully  for  protection  during  very 
heavy  rainstorms  that  could  cause  flooding  in  the  drain. 

The  Polecat  Bench  area  of  the  Shoshone  Extensions  Unit  was  authorized 
for  construction  by  Public  Law  94-228.  Construction  is  estimated  to 
begin  in  1980  with  water  delivery  for  irrigation  in  1985. 

The  data  presented  below  are  the  costs  and  benefits  assigned  in  the 
enabling  legislation. 

BENEFITS  (ANNUAL) 

Irrigation  $3,021,581 

Recreation  16,900 

Fish  and  wildlife  19,100 

Total  direct  benefits  $3,057,581 

COSTS    (ANNUAL)  $3,401,000 
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Canal  and  Lateral  Structures 

The  cost  estimates  presented  in  this  report  include  all  appurtenant 
features  such  as  siphons,  checks,  drops,  turnouts,  wasteways,  cul- 
verts, and  bridges,  except  within  farm  units.   Turnouts  would  normally 
be  provided  for  each  farm  unit  at  the  high  point,  and  elsewhere  as 
required  to  provide  for  efficient  distribution  and  full  coverage  of 
the  land. 

Drainage  Systems 

Drainage  plans  for  the  Polecat  Bench  development  were  discussed  under 
"Plans  for  potential  irrigation  development."  Cost  estimates  are  based 
on  tentative  locations  of  the  various  drains,  which  would  be  subject 
to  minor  revision  when  detailed  surveys  are  undertaken.   The  contin- 
gency allowances,  however,  should  cover  any  cost  increases  that  might 
be  found  necessary  at  that  time. 

Recreational  Facilities 

The  National  Park  Service  has  recommended  that  two  public  use  areas 
be  established,  about  160  acres  on  the  west  shore  and  40  on  the  east, 
and  that  these  be  provided  under  cost-sharing  provisions  of  the  Federal 
Water  Project  Recreation  Act.   In  addition,  the  Service  has  proposed 
construction  of  a  concrete  boat  ramp  within  the  larger  area.   The 
western  area  is  public  domain  and  the  eastern  is  Wyoming  State  land, 
and  the  two  areas  .could  be  incorporated  within  the  reservoir  take 
line.   Estimated  costs  are  summarized  as  follows: 

Project  and  Assigned  Costs  $129,000 

Interest  during  Construction  --          5,000 

Annual  OM&R  Costs  3.100 

Total  $137,100 
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The  National  Park  Service  costs  for  administration,  operation, and 
maintenance  of  the  basic  facilities  is  a  non-Federal  cost  of  the 
administering  agency. 

Design  and  Construction  Factors 

Construction  power  for  use  at  Holden  damsite,  up  to  100  kilowatts, 
could  be  obtained  from  a  line  of  the  Garland  Light  and  Power  Company 
serving  the  airport  at  a  distance  of  about  2  miles,  or  from  a  line  of 
the  Big  Horn  Rural  Electric  Company  at  a  slightly  greater  distance  to 
the  east.   A  33,000-volt  line  of  the  Pacific  Power  and  Light  Company 
passes  about  3.5  miles  west  of  the  site. 

No  water  is  available  at  Holden  damsite.   Drilling  reports  indicate 
that  water  in  sufficient  quantity  for  construction  could  be  obtained 
by  drilling  wells  to  depths  of  800  to  1,000  feet.   Irrigation  water 
could  be  obtained  during  the  season  from  the  Shoshone  Project,  nearest 
distance  about  3.5  miles  and  difference  in  elevation  about  500  feet, 
or  a  year-round  supply  from  Bitter  Creek  at  about  the  same  elevation 
but  8  miles  distant. 

Holden  damsite  is  only  8  miles  from  Powell  so  no  Government  camp 
office,  or  warehousing  facilities  will  be  required.   Housing  in  Powell 
is  seasonal  but  usually  available. 

Right-of-way  for  proposed  irrigation  facilities  that  will  occupy 
private  land,  which  accounts  for  nearly  three-fourths  of  the  total 
irrigable  area,  will  be  purchased.   Public  roads  are  not  considered  > 
a  part  of  such  facilities.  Most  of  the  Holden  Reservoir  area  is  on 
undeveloped  public  land,  Federal  and  State,  and  the  small  amount  of 
private  land  was  found  to  be  nonarable.   Estimated  right-of-way  costs 
for  all  facilities,  including  Holden  Reservoir  site,  are  included  in 
the  cost  estimates. 

Construction  Schedule 

Estimated  construction  time  for  most  of  the  project  works  and  facilities, 
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when  water  deliveries  would  first  begin,  is  about  4.5  years.   During 
ensuing  years,  work  will  be  continued  on  construction  of  drains  as 
the  needs  develop. 

Buffalo  Bill  Enlargement 

Buffalo  Bill  Dam  and  Reservoir  are  situated  at  the  confluence  of  the 
North  and  South  Forks  of  the  Shoshone  River  in  Park  and  Big  Horn 
Counties.   The  drainage  area  upstream  of  the  dam  totals  about  1,500 
square  miles.   The  dam  was  constructed  between  1905  and  1910.   Its 
purpose  is  to  store  water  for  use  on  irrigable  lands  in  the  Shoshone 
Project. 

Power  production  was  added  as  a  function  of  the  project  with  construction 
of  Shoshone  Powerplant  in  1922.  Heart  Mountain  Powerplant  was  con- 
structed about  3  miles  downstream  in  1948. 

The  proposed  structural  modifications  will  permit  storage  of  water 
providing  a  firm  yield  of  74,000  acre-feet  annually. 

In  addition  to  the  increase  in  storage,  a  new  20— MW  powerplant,  visitor 
center,  and  dust  abatement  dikes  have  been  incorporated  into  the  plan. 

Cost  estimates  of  project  features  are  shown  below. 

Total  Cost 
Feature  (October  197  3) 

Raise  dam  and  enlarge  reservoir  $  8,190,000 

Enlarge  spillway  7,300,000 

Construct  new  Shoshone  Powerplant  11,100,000 

Visitor  center  540,000 

Saddle  Dike  (NED  Plan)  170,000 

Dust  Dikes  (EQ  Plan)  10,870,000 
South  Fork  &  Irma  Flat9  (Diamond  Creek  2  Dikes) 

Total        $27,300,000  (NED)  $38,000,000  (EQ) 


The  allocation  of  storage  water  is  shown  below. 


Acre-feet 


City  of  Cody  5,000 

Polecat  Bench  Irrigation  Area  (19,200  acres)  66,600 

Cody  Canal  74,000  (new) 
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No  specific  facilities  for  irrigation  are  contemplated  beyond  cur- 
rent conditions. 

It  is  estimated  that  the  existing  1,770  acres  now  capable  of  producing 
dust  will  increase  to  2,250  acres  in  the  future  when  diversion  require- 
ments in  expected  developments  are  met.   If  the  dam  is  raised,  about 
1,700  acres  in  the  upper  reservoir  are  expected  to  produce  dust. 

Enlarging  Buffalo  Bill  Reservoir  would  add  3,089  surface  acres  at 
maximum  water  level  for  a  total  surface  area  of  9,780  acres,  and  the 
shoreline  would  be  increased  from  36  to  40  miles.   This  enlargement 
would  require  purchase  of  2,122  acres  including  30  homes,  requiring 
relocation  funds  of  $575,000. 
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PROJECT    COST    ESTIMATE 

BUFFALO   BILL   DAM  MODIFICATION 


it  sc€»i*>Tir,N 


r  cst 


COSTS 


TOTAL 


NED  Plan 


.Reservoir  J.and  .and  Rights 

.icauire  .2,122  acres  plus .  $575*000.  Jf or . . 

ccjapliancfi_jrfiih_Pl,  91-6U6...    

(Relocation  Assistance)      . 


"3,075,000 


.-Highway  and  .County  Road  Relocation...  ..... 2,903,000 

Build  J.  I4.  miles,  of  highway,_3.0_railes  of.. 

SOunty_road  .and  relocate  one.  county  bridge. 

on.the.Jip.r.th  Fork, ... 


Relocate  Recre.atipn  Facilities  and.  Clearing 
.  .Relocate .public,  facilities. a.dminirtered 

by Wyoming_Recreation  Commission  and 

clear  100  act  along  existing  shoreline. 


Saddle  Dike 


Construct  low  dike  in  saddle  between 
Diamond  Creek  and  Sulphur  Creek  to  contain 
the  enlarged  reservoir. 

Raise  Buffalo  Bill  Dam 


_Add_  2£  ft.  to  ore_st_  El .  5370  to  El ._  539_5_ 


208,000 


128,000 


580,000 


Enlarge  _and  ^rate  Spillway     "T.JL I...  II. '_£^£6,000 

install  two  lU.5-by-37-foot  gates,  line 

a  37-foot  diameter  tunneiabqye.  the  ..gates, 

_and .excavate,  to  _U5-footjiiamet^r  bel.qw 
__gates^_  


Shoshone  Powerplant  Replacement 

I^nstalL.new.JP.G_nsJ'Ock  through  dam  and 
new  20-MW  plant  onsite  of  existing  plant. 


325,000 
893,000 
'66,000 
U'2,000 
1U0,000 

itIi5q,qoq_ 


3,h00,000 

3,796,000 

.  .27ii,600" 

170,000" 

720,000 
"  7,300,000 


8Ji03,ooo  _ 2,137,000  "10, 510,000 


Transmission  Lines,   Switchyards  and 
Substations 


Vi  si tor  Center 
On  left  abutment 


TTo^ooo      "  155,000" 
"52 77060  ■     "113,000 


560,000 
5UO,000 


Jotsl. 


,21.979.000  ; .5,-321,000  ^27,300JL000  _ 


i- 
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STATISTICAL  DATA 
BUtTALO   DILL  MM  MOPTTlCATION 


feature 

Buffalo  Bill    Dam 
(Existing  Structure  Conpleted  1910) 

Height   (Elevation) 

Top  Width   (Teet) 

Crest  Length   (Teet) 

Spillway  Capacity  @  Maximum  Water  Surface 

Elevation  (ft3/s) 
Outlet  Works  Capacity  3  Maximum  Water 

Surface   Elevation   (ft3/s) 

Reservoir 
Dead   Storage   (Acre-feet) 
Inactive  Storage   (Arre-feet) 
Active  Conservation  Storage   (Acre-feet) 
Surcharge   (Acre-feet) 
Surface  Area   (Acres) 
Additional  Rights-of-Way  (Acres) 
Design  flood 


Peak  Discharge   (ftJ/s) 
Peak  Reser^n<»"  i«tfl™  t  e+* 
Overtopp 


ervoir  Outflow   (ffVs) 
ing   Dam  (ft3/s) 

Powerplants 


Shoshone 
Generators 

Generation   (Average-Annual) 

Heart  Mountain 
Generators 

Generation   (Average -Annual ) 

Dust   Abatement 


Tuturp 

Present 

Without 

Future 

Condition 

Modif. 

W/Modif. 

5,370 

5,370 

5,395 

10 

10 

IS 

200 

200 

259 

18,000 

18,000 

66,850 

3,130 

3,130 

5,000 

(El.    5158.5) 

(El.    5158.5) 

(El.    5158.51 

48,197 

48,197 

48,197 

(El.    5259.6) 

(El.    5259.6) 

(El.    5259.6) 

375,900 

37  5,900 

647,200 

(El.    5360.0) 

(El.      160.0) 

(El.    5393.5) 

70,030 

70,030 

15,800 

(El.    5370.0) 

(El.    5370.0) 

(El.    5395.0) 

6,691 

6,691 

9,780 

(El.    5360.0) 

(El.    5360.0) 

(El.    5393.5) 

M 

—  — 

2,122 

103,000 

103,000   . 

103,000 

.49,000 

49,000 

71,850 

27,^00 

27,000 

0 

1  @  4,000  kv 
i  (a        800  kw 

63,731   mvh 


1  @  5,000   kv 
45,899  mvh 


Average  Dust  Producing  Area   (Acres) 

Area  Protected  by  Pikes    (Acren) 

Water  Surface  Area  Behind  Dikes   (Acres) 

Water  Utilization 

Shoshone  Poverplant   (Acie-feet) 

Heart  Mountain  Powerplant   (Acre-feet) 

Heart  Mountain  Canal    (Acre-feet) 

River  Outlet   (Acre-feet) 

Reservoir  Spills   (Acre-feet) 

Polecat   Bench   (Acre-feet) 

Cody  Canal   Supplemental   Water   C\cre-f>et) 

Mil   to  City  of  Cody   (.tcre-fcet) 

New  Mil  Water   (Acre-feet) 

Minimum  Fishery  Releases 

Below  Buffalo  Bill   Dam  (ft3/s) 

Below  Heart  Mountain  Poverplant   (ft3/s) 


1,770 


1  @  4,000  kw^  1  P  20,000  kw 

2  @   800  kw 


63,731  mwh 


69,820  mwh 


1  (3  5,000  kv    13  5,000  kv 
31,742  mwh       46,593  mvh 


2. 


ssol/ 


1,700^/ 


705 


359,000 

359,000 

3S0.800 

225,000 

155,600 

225,400 

170,900 

170,900 

170,900 

9,600 

9,600 

78,100 

151,600 

135,300 

800 

— 

66,600 

66,600 

— 

lo.ooo 

10,000 

— 

5,000 

5,000 

— 

~ 

74,000 

— 

so 

100 

14 

so 

250 

1/  Existing  povernlant  will  be  abandoned  sometime   In   future. 

2/  This   number  applies   to   MED  Plan.      The  dust  producing  area   under  EQ   Plan  is  724  acres. 

3/  These  numbers  apply  to  EQ  Plan.     Corresponding  values   under  NED  Plan  are  xero. 

Xj  Future   Increases   In  water  utilization  will   result   in  greater  reservoir  drawdown. 
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Financial  Analysis 

An  allocation  of  costs  among  plan  objectives  and  components,  the  first 
step  in  the  financial  analysis,  is  necessary  to  determine  the 
reimbursable  or  nonreimbursable  categories.   Existing  laws  and  policies 
govern  the  reimbursable  classification  and  anticipated  repayment  arrange- 
ments of  the  financial  analysis.   Specific  legislation  will  be  required 
to  provide  for  the  nonreimbursability  of  the  costs  of  environmental 
quality  features,  the  dust  abatement  dikes,  and  the  visitor  center  as 
these  items  are  not  covered  under  existing  laws.   Also,  the  legislation 
should  provide  for  the  inclusion  of  the  proposed  new  Shoshone  Powerplant 
within  the  Pick-Sloan  Missouri  Basin  Program  Power  System  for  operational, 
rate  structure,  and  financial  purposes.   The  anticipated  repayment  on 
financial  analysis  of  the  power  function  is  based  on  its  incorporation 
into  the  Pick-Sloan  Missouri  Basin  Program. 

Shoshone  Extensions  Unit  (South) 

Irrigable  land  in  Shoshone  Extensions  Unit  (South)  lies  southeast  of 
Cody,  between  the  Shoshone  and  Greybull  Rivers.   The  distribution  of 
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this  land  by  location  and  the  number  of  potential  farm  units  in  each 
part  are  shown  in  the  following  tabulation. 

Irrigable  Land        No.  New  Farm 
Location  (Acres)  Units 

Oregon  Basin-Dry  Creek  area: 

Sage  Creek  Valley  1,470  6 

Dry  Creek  Valley  610  4 

Emblem  Bench  3,630  20 

Subtotal  5,710  30 

YU  Bench  area: 

YU  Bench  9,750  66 

South  Benches  680  3 

Upper  Emblem  Bench  1,130  _8 

Subtotal  11,560  77 

Total  17,270  107 

Plans  for  this  development  also  contemplate  supply  of  supplemental 
water  to  37,300  acres  of  presently  irrigated  land  in  the  Greybull 
Valley  Irrigation  District, 

Irrigation  water  for  Shoshone  Extensions  Unit  (South)  would  be  supplied 
from  storage  in  Buffalo  Bill  Reservoir  on  the  Shoshone  River  and  from 
natural  flows  of  the  Greybull  River  supplemented  by  stored  water 
released  into  that  stream  from  Sunshine  Reservoir.   Water  for  the 
irrigable  land  in  the  Oregon  Basin-Dry  Creek  area  would  be  supplied 
directly  from  Buffalo  Bill  Reservoir  via  the  Shoshone  Canyon  Conduit 
and  unit  works  to  be  constructed,  including  the  Oregon  Basin  Feeder 
Canal,  Oregon  Basin  Reservoir,  Dry  Creek  Canal,  and  Emblem  Canal. 
Water  for  the  YU  Bench  area  would  be  diverted  from  the  Greybull  River 
via  the  YU  Canal  and,  except  for  floodflows,  would  be  replaced  from 
Buffalo  Bill  Reservoir. 

Shoshone  Canyon  Conduit,  heading  at  Buffalo  Bill  Reservoir,  consists 
of  a  tunnel  through  Cedar  Mountain  on  the  south  side  of  the  Shoshone 
River.   The  conduit  extends  3  miles  downstream  to  furcation  works 
with  outlets  at  present  to  the  Heart  Mountain  Powerplant,  the  Shoshone 
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River  Siphon  of  the  Heart  fountain  Canal,  and  a  siphonically  controlled 
wasteway  to  Shoshone  River.   Provision  was  made  in  design  of  the 
furcation  works  for  an  outlet  to  Oregon  Basin  Feeder  Canal. 

Oregon  Basin  Feeder  Canal  would  extend  eastward  about  23  miles  to  Oregon 
Basin  Reservoir.   The  canal  was  designed  for  a  capacity  of  606  cubic 
feet  per  second  throughout  its  length.   This  capacity  would  be  suffi- 
cient to  take  advantage  of  spring  floodflows  into  Buffalo  Bill  Reservoir 
for  filling  Oregon  Basin  Reservoir,  to  supply  requirements  for  direct 
irrigation  of  1,470  acres  of  irrigable  land  in  the  Sage  Creek  Valley 
(plus  3,250  acres  in  the  Sage  and  McCollough  sections  that  could  be 
supplied  by  pumping) ,  and  to  maintain  the  storage  in  Oregon  Basin 
Reservoir  even  after  the  Polecat  Bench  area  in  Shoshone  Extensions 
Unit  (North)  is  developed.   Before  construction  is  started,  the  capacity 
of  Oregon  Basin  Feeder  Canal  and  the  estimated  cost  should  be  deter- 
mined more  precisely.   Major  structures  in  the  canal  would  include 
three  siphons  with  lengths  of  325  feet,  1,622  feet,  and  374  feet, 
and  two  tunnels  with  lengths  of  781  feet  and  2,835  feet. 

Oregon  Basin  Reservoir  would  occupy  a  natural,  apparently  watertight 
depression  about  6*5  square  miles  in  area  requiring  no  dam.   The  tribu- 
tary drainage  area  is  small,   The  reservoir  would  provide  120,000  acre- 
feet  of  conservation  storage.   Releases  from  the  reservoir  would  be 
made  via  a  tunnel  through  the  east  rim  of  the  reservoir  site  into  Dry 
Creek  Canal.   Development  of  a  reservoir  at  this  site  is  complicated 
by  the  presence  of  an  oil-  and  gasfield  which  extends  into  the  southern 
edge  of  the  site  area.   Impoundment  of  water  in  the  reservoir  would 
necessitate  construction  of  an  inlet  chute,  an  outlet  works,  and  oil 
well  protective  works,  and  relocation  of  a  road  and  a  transmission  line. 
The  outlet  works  would  consist  of  a  free-flow  horseshoe  tunnel  571  feet 
long,  with  radial-gate  control  at  the  inlet,  an  approach  channel  1,840 
feet  long,  and  a  tunnel  outlet  transition  102  feet  long  which  would 
discharge  into  Dry  Creek  Canal.   A  capacity  of  505  cubic  feet  per 
second  should  be  provided  in  final  designs  of  the  outlet  works.   An 
earthfill  island  would  be  constructed  at  each  of  12  oil  wells  within 


the  reservoir  area,  and  a  roadway  would  be  constructed  from  the  shore 
to  each  well. 

Dry  Creek  Canal  would  start  at  the  outlet  works  of  Oregon  Basin  Reservoir 
and  extend  about  24  miles  to  the  Greybull  River.   Its  location  would 
roughly  parallel  Dry  Creek  for  about  20  miles,  then  turn  south  across 
the  upper  end  of  Emblem  Bench  or  northeast  toe  of  YU  Bench.   The  canal 
would  have  a  capacity  of  505  cubic  feet  per  second  throughout  its 
length;  this  capacity  would  include  the  following  components. 

Quantity 
Component  (ft^/s) 

Replacement  water  for  Greybull  River  280 

Supplemental  water  for  irrigated  land  in  Greybull  Valley  107 
Full  supply  for  3,630  acres  of  irrigable  land  on  Emblem 

Bench  66 
Full  supply  for  610  acres  of  irrigable  land  in  Dry  Creek 

Valley  12 

Canal  losses  40 

Total  or  initial  capacity  505 

The  major  structure  in  the  canal  would  be  a  siphon  957  feet  long.   Six 
other  low-head,  short-length  siphons  would  be  required.   Chutes  and 
drops  would  be  needed  to  dissipate  head.   The  chutes  would  range  in 
length  from  300  to  1,360  feet,  with  drops  of  30  to  154  feet,  and  the 
drops  would  range  in  height  from  5  to  15  feet.   The  canal  would  receive 
terminal  waste  near  its  end  from  YU  Canal. 

Emblem  Canal  would  divert  from  Dry  Creek  Canal  and  would  traverse  the 
approximate  center  of  Emblem  Bench,  terminating  in  the  existing  Bench 
Canal  of  the  Greybull  Valley  Irrigation  District.   It  would  have  an 
initial  capacity  of  66  cubic  feet  per  second  and  a  terminal  capacity 
of  17.2  cubic  feet  per  second.   Twenty-two  drops  and  one  chute  would 
be  needed  along  the  5-mile  length  of  the  canal  to  dissipate  head. 

The  irrigated  land  under  existing  ditches  in  the  Greybull  Valley  below 
the  terminus  of  Dry  Creek  Canal  would  be  supplied  with  supplemental 
water  carried  by  that  canal  and  delivered  into  the  Greybull  River.   No 
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distribution  system  or  other  facilities  would  be  constructed  by  the 
Bureau  of  Reclamation  for  this  land. 

For  supply  of  irrigable  land  in  the  YU  Bench  area,  water  would  be 
diverted  from  the  Greybull  River  about  4  miles  upstream  from  Meeteetse 
into  YU  Canal.   The  diversion  dam  would  consist  of  a  concrete  over- 
flow weir  section  212  feet  long  and  an  earth-dike  section  130  feet  long. 
The  concrete  section  would  have  a  structural  height  of  23*$  feet  and  a 
height  above  streambed  of  11*$  feet.   The  headworks  on  the  left  bank 
would  be  controlled  by  a  10-foot  by  7- foot  radial  gate.   A  concrete 
sluiceway  would  be  constructed  adjacent  to  the  headworks  and  would  be 
controlled  by  a  16 -foot  by  18- foot  radial  gate.   The  overflow  weir 
section  of  the  dam  would  be  sufficiently  long  to  pass  the  100- year  - 
frequency  flood  of  13,400  cubic  feet  per  second. 

YU  Canal  would  follow  a  northeasterly  course  for  about  40  miles.   Pre- 
liminary designs  were  made  for  diversion  of  292  cubic  feet  per  second 
to  provide  excess  capacity  in  the  canal  for  additional  land  that  might 
be  supplied  (including  1,620  acres  of  irrigable  land  in  the  North  Fans 
section).   Major  structures  would  Include  a  sluiceway  600  feet  long 
near  the  diversion  dam;  6  chutes  ranging  in  length  from  275  to  2,340 
feet,  with  drops  of  26  to  214  feet;  and  11  siphons,  all  located  in 
the  24-mile  reach  of  the  canal  from  the  diversion  dam  to  YU  Bench, 
totaling  18,916  feet  in  length.   Two  wasteways  capable  of  wasting  the 
entire  canal  capacity  in  an  emergency  would  be  provided  in  the  initial 
24-mile  reach  of  the  canal.   Other  structures  would  include  47  drops 
ranging  in  size  from  5  to  15  feet  and  in  capacity  from  221  to  60  cubic 
feet  per  second,  and  26  timber  bridges.   Four  laterals  would  divert 
from  the  canal  on  the  bench.   Three  of  these  laterals  would  supply  land 
on  the  bench,  and  one  would  leave  the  bench  by  way  of  a  chute  1,150 
feet  long  with  a  drop  of  208  feet  to  supply  land  on  the  South  Benches. 
The  canal  would  drop  onto  Upper  Emblem  Bench  to  supply  land  on  that 
bench  and  would  terminate  with  a  capacity  of  56  cubic  feet  per  second 
In  Dry  Creek  Canal.   Both  nonsurplus  natural  flows  of  the  Greybull 
River  and  storage  water  from  Sunshine  Reservoir  diverted  to  YU  Canal 
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would  be  replaced  through  Dry  Creek  Canal,  and  the  amount  of  water  avail- 
able to  irrigated  land  in  the  Greybull  Valley  would  continue  to  be 
governed  by  natural  flow  and  the  Greybull  Valley  Irrigation  District's 
operation  of  Sunshine  Reservoir. 

Construction  can  normally  be  carried  on  the  entire  year  in  this  locality. 
About  5  years  would  be  required  to  complete  the  construction.   Con- 
struction of  drains  would  extend  beyond  the  5  years. 

Shoshone  Extensions  Unit  (South  Additions) 

McCollough  Section 

The  McCollough  Section  contains  1,110  acres  of  irrigable  land  which 
would  be  subdivided  into  eight  farm  units.   Water  for  irrigation  would 
be  supplied  to  660  acres  by  gravity  from  a  lateral  which  would  divert 
from  Oregon  Basin  Feeder  Canal,  and  to  450  acres  by  pumping  from  that 
lateral. 

The  lateral  would  be  about  7  miles  long  and  have  an  initial  capacity 
of  28.3  cubic  feet  per  second.   One  siphon  would  be  required  to  carry 
this  lateral  across  a  large  coulee  near  the  irrigable  area. 

Two  pump  lifts  would  be  necessary  to  reach  all  land  to  be  served  by 
pumping.   The  initial  lift  would  be  made  from  the  above  lateral.   The 
pumping  plant  would  contain  two  electrically-driven  pumps,  each  with 
a  capacity  of  6  cubic  feet  per  second  against  a  static  head  of  70  feet 
(total  dynamic  head  78  feet).   Water  would  be  discharged  into  a  lateral 
1.8  miles  long,  on  which  a  relift  pumping  plant  would  be  located.   This 
lateral  would  have  an  initial  capacity  of  12.1  cubic  feet  per  second 

to  supply  260  acres  under  the  lateral  and  to  ca^ry  water  for  relift 
to  190  acres.   The  relift  pumping  plant  would  contain  one  electrically- 
driven  pump  with  a  capacity  of  5  cubic  feet  per  second  against  a  static 
head  of  81  feet  (total  dynamic  head  87  feet) .   Water  would  be  discharged 
into  a  lateral  which  would  extend  0.2  mile  and  have  an  initial  capacity 
of  5.1  cubic  feet  per  second. 
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Construction  of  supply  and  distribution  facilities  could  be  accomplished 
in  2  years.   Construction  of  drains  would  extend  beyond  the  2  years. 

Sage  Section 

The  Sage  Section  contains  2,140  acres  of  irrigable  land  which  would 
be  subdivided  into  about  15  farm  units.   Water  for  Irrigation  would 
be  pumped  from  Oregon  Basin  Feeder  Canal.   Two  pumping  plants,  one 
a  relift  plant,  would  be  required.   The  first  plant,  pumping  water  for 
the  entire  acreage,  would  supply  1,510  acres  directly  with  distribu- 
tion through  two  laterals.   The  relift  plant  would  supply  630  acres 
with  distribution  through  a  single  lateral.   Total  length  of  the 
laterals  would  be  10.7  miles. 

The  pumping  plant  at  the  initial  lift  would  contain  two  electrically- 
driven  pumps,  each  of  which  would  deliver  20  cubic  feet  per  second 
under  a  static  head  of  94  feet  (total  dynamic  head  100  feet).   One 
of  the  two  laterals  served  by  this  pumping  plant  would  be  3.5  miles 
long  and  have  an  initial  capacity  of  26  cubic  feet  per  second,  of 
which  12  cubic  feet  per  second  would  be  delivered  to  the  relift  pumping 
plant.   One  siphon  and  a  terminal  waste  chute  into  Sage  Creek  would  be 
required  on  the  lateral.   The  second  lateral  would  be  3.9  miles  long 
and  have  an  initial  capacity  of  14  cubic  feet  per  second.  Terminal 
waste  of  5  cubic  feet  per  second  would  be  made  from  this  lateral  into 
Oregon  Basin  Feeder  Canal . 

The  relift  pumping  plant  would  contain  two  electrically-driven  pumps, 
each  of  which  would  deliver  6  cubic  feet  per  second  under  a  static  head 
of  100  feet  (total  dynamic  head  105  feet).   The  pumps  would  discharge 
Into  a  single  lateral  about  3.3  miles  long  and  having  an  initial 
capacity  of  12  cubic  feet  per  second. 

Construction  of  supply  and  distribution  facilities  could  be  accomplished 
in  2  years.   Construction  of  drains  would  extend  beyond  the  2  years. 
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Effect  of  South  Additions  on  Oregon  Basin  Feeder  Canal 

The  3,250  acres  in  the  McCollough  and  Sage  Sections  would  require 
68.3  cubic  feet  per  second  of  the  capacity  of  Oregon  Basin  Feeder 
Canal.   Inasmuch  as  the  capacity  of  this  canal  (606  cubic  feet  per 
second)  was  estimated  conservatively,  no  increase  in  capacity  or 
cost  estimates  was  deemed  necessary  for  the  additional  requirement 
in  the  canal. 

North  Fans  Section 

The  North  Fans  Section  contains  1,620  acres  of  irrigable  land  which 
would  be  subdivided  into  about  11  farm  units.   Water  for  irrigation 
would  be  supplied  from  a  lateral  that  would  divert  from  YU  Canal  on 
YU  Bench.   This  lateral,  presently  designed  to  carry  70  cubic  feet 
per  second  of  water  for  supply  only  of  irrigable  land  on  the  bench, 
would  need  to  be  enlarged  for  a  distance  of  6.4  miles  to  carry  an 
additional  30  cubic  feet  per  second  for  supply  of  the  irrigable  land 
in  North  Fans  Section.   Sufficient  capacity  for  this  additional  water 
was  included  in  design  of  YU  Canal  from  Greybull  River  Diversion  Dam 
to  YU  Bench.   Water  would  be  carried  off  the  bench  in  two  laterals, 
one  2.8  miles  long  and  the  other  0.7  mile  long. 

A  chute  to  provide  for  300  feet  of  drop  in  each  lateral  would  be 
required.   The  supply  lateral  on  YU  Bench  would  waste  into  YU  Canal, 
eliminating  any  possibility  of  excessive  waste  onto  the  North  Fans 
Section. 

Construction  of  supply  and  distribution  facilities  could  be  accomplished 
in  2  years.   Construction  of  drains  would  extend  beyond  the  2  years. 

In  preparing  the  cost  estimates  for  North  Fans  Section,  it  was  assumed 
that  the  supply  lateral  on  YU  Bench  would  be  constructed  initially  to 
a  capacity  of  70  cubic  feet  per  second  and  would  be  enlarged  later 
to  provide  30  cubic  feet  per  second  of  additional  capacity  when  the 
North  Fans  Section  is  developed. 
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Bighorn  Unit 

Water  for  irrigation  of  1,730  acres  of  irrigable  land  distributed  in 
the  two  areas  of  Bighorn  Unit  would  be  supplied  by  pumping  from  the 
existing  Big  Horn  Canal  which  diverts  from  the  Bighorn  River.   Three 
pumping  plants  would  be  required,  and  the  Big  Horn  Canal  would  have 
to  be  enlarged  to  provide  capacity  for  the  additional  water  that  would 
be  diverted  to  unit  land. 

The  Big  Horn  Canal  is  owned  and  operated  by  the  Big  Horn  Canal 
Association.   Present  capacity  of  the  canal  is  about  450  cubic  feet 
per  second.   Additional  capacity  of  35  cubic  feet  per  second  would  be 
necessary  to  supply  the  Bighorn  Unit.   It  was  assumed  that  the  capacity 
of  the  canal  would  be  increased  by  55  cubic  feet  per  second  to  permit 
development  of  other  small  areas  currently  being  considered  by  the 
Big  Horn  Canal  Association.   The  canal  could  best  be  enlarged  by 
widening  comparatively  short  reaches  through  excavation  of  the  upper 
side  of  the  canal  prism,  by  building  up  the  lower  canal  bank,  and  by 
cleaning.   A  1-mile  section  of  the  canal  between  Ten-Mile  and  Five- 
Mile  Creeks  could  be  improved  considerably  by  moving  the  canal  uphill 
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and  9traightening  it.   Major  structures  that  would  have  to  be  replaced 
or  Improved  are  a  siphon  crossing  Fifteen  Mile  Creek  and  a  concrete 
flume  crossing  Ten  Mile  Creek.   A  structure  for  crossing  Five  Mile 
Creek  was  replaced  recently  and  capacity  of  the  new  structure  is 
considered  adequate. 

Area  No.  1  of  the  Bighorn  Unit,  containing  860  acres  of  irrigable  land, 
is  situated  about  9  miles  north  of  Worland  and  1  mile  west  of  the 
Bighorn  River.   The  land  would  be  subdivided  in  six  farm  units.   It 
would  be  supplied  by  one  pumping  plant  located  on  an  inlet  channel 
from  the  Big  Horn  Canal.   The  inlet  channel  would  be  about  1,250  feet 
long  and  have  a  capacity  of  17  cubic  feet  per  second.   The  pumping 
plant  would  contain  two  electrically-driven  pumps,  each  with  a  capacity 
of  8.5  cubic  feet  per  second,  against  a  static  head  of  68  feet  (total 
dynamic  head  86  feet) .   The  pumps  would  discharge  into  a  delivery 
canal  about  3  miles  long  with  an  initial  capacity  of  17  cubic  feet 
per  second.   Three  siphons  would  be  necessary  to  carry  the  canal 
across  natural  drainageways.   A  wasteway  near  the  end  of  the  canal 
would  waste  5  cubic  feet  per  second  into  a  natural  drainageway. 

Area  No.  2  of  the  Bighorn  Unit,  containing  870  acres  of  irrigable  land, 
is  situated  downstream  from  Area  No.  1,  about  13  miles  north  of  Worland 
and  2  miles  west  of  the  Bighorn  River.   The  land  would  be  subdivided 
into  five  farm  units.   It  would  be  supplied  by  two  pumping  plants, 
each  located  on  a  separate  inlet  channel  from  the  Big  Horn  Canal. 
The  inlet  channel  for  the  first  pumping  plant  would  be  about  330  feet 
long  and  have  a  capacity  of  12  cubic  feet  per  second.   The  pumping 
plant  would  contain  two  electrically-driven  pumps,  each  with  a  capacity 
of  6  cubic  feet  per  second  against  a  static  head  of  134  feet  (total 
dynamic  head  152  feet) .   The  pumps  would  discharge  into  a  delivery 
canal  which  would  9upply  590  acres  of  irrigable  land  in  Area  No.  2. 
This  canal  would  be  1.9  miles  long  and  have  an  initial  capacity  of 
12  cubic  feet  per  second.   One  siphon  would  be  necessary  to  carry  the 
canal  across  a  natural  drainageway.   A  wasteway  about  450  feet  long 
near  the  end  of  the  canal  would  waste  5  cubic  feet  per  second  into  a 
natural  drainageway.   The  inlet  canal  for  the  second  pumping  plant 
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in  this  area  would  be  about  150  feet  long  and  have  a  capacity  of 
8.6  cubic  feet  per  second.   The  pumping  plant  would  contain  two 
electrically-driven  pumps,  each  with  a  capacity  of  A. 3  cubic  feet 
per  second  against  a  static  head  of  26  feet  (total  dynamic  head  28  feet) . 
The  pumps  would  discharge  into  a  delivery  canal  about  1,5  miles  long 
with  an  initial  capacity  of  8.6  cubic  feet  per  second.   This  canal 
and  two  laterals,  1,900  feet  and  180  feet  long,  would  supply  280  acres 
of  irrigable  land  in  Area  No.  2,   Five  cubic  feet  of  water  per  second 
would  be  wasted  into  a  natural  drainageway  at  the  end  of  the  canal. 

A  third  area,  containing  826  acres  of  land  situated  about  6  miles 
north  of  Worland  and  2  miles  west  of  the  Bighorn  River,  was  investigated 
for  development.   This  area  lies  upstream  and  adjacent  to  Area  No.  1, 
Estimated  costs  of  operation,  maintenance,  and  replacement  were  found 
to  be  prohibitive  because  of  high  pump  lifts,  and  the  area  was  deleted 
from  the  unit  plan.  Two  pumping  plants  would  be  required  to  irrigate 
the  land,  one  with  a  pump  lift  of  112  feet  and  the  other  with  a  pump 
lift  of  178  feet. 

Construction  of  supply  and  distribution  facilities  for  Areas  No,  1  and 
No.  2  could  be  accomplished  in  2  years,   Construction  of  drains  would 
extend  beyond  the  2  years. 

Greybull  Flat  Unit 

The  Greybull  Flat  Unit,  containing  980  acres  of  irrigable  land,  would 
be  subdivided  into  seven  farm  units,  and  water  for  irrigation  would 
be  pumped  from  the  Bighorn  River,  A  single  pumping  plant  with  two 
electrically-driven  pumps  would  serve  the  entire  irrigable  acreage, 

Each  pump  would  have  a  capacity  of  10  cubic  feet  per  second  against 
a  static  head  of  133  feet  (total  dynamic  head  143  feet) .  Water  would 
be  discharged  into  a  canal  that  would  extend  3.2  miles  and  have  an 
initial  capacity  of  20  cubic  feet  per  second,   The  canal  would  waste 
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into  a  natural  draw.   The  only  major  structure  in  the  canal  would  be 
a  siphon  across  a  coulee.   An  embankment  of  the  Chicago,  Burlington, 
and  Quincy  Railroad  forms  the  boundary  along  the  lower  limits  of  the 
irrigable  area  near  the  Bighorn  River,   Existing  culverts  are  adequate 
to  take  all  water  collecting  along  this  embankment.   It  is  not  expected 
that  any  damage  to  lower-lying  land  would  result  from  seepage. 

The  Greybull  Flat  Unit  was  originally  included  in  the  Shoshone 
Extensions  Unit,  to  be  served  from  the  Emblem  Canal  by  way  of  the 
South  Side  and  Highline  Canals  of  the  Greybull  Valley  Irrigation  in 
conjunction  with  the  land  in  Greybull  Flat  Unit  was  eliminated  from 
Shoshone  Extensions  Unit. 

Construction  of  supply  and  distribution  facilities  could  be  accomplished 
in  about  21  months.   Construction  of  drains  would  extend  beyond  this 
period. 

Shoshone  Project 

Cody  Pump  Area 

Cody  Pump  Area  lies  directly  above  the  Heart  Mountain  Canal  and 
contains  510  acres  of  irrigable  land  which  would  be  irrigated  by  pumping 
from  that  canal.   Water  is  supplied  from  storage  in  Buffalo  Bill 
Reservoir,  and  design  capacity  of  the  canal  is  sufficient  to 
service  the  Heart  Mountain  Division  plus  the  Cody  and  Ralston  Pun©  . 
Areas,  as  well  as  the  Polecat  Bench  Area  if  that  area  should  be 
developed.   The  irrigable  land  in  Cody  Pump  Area  would  be  subdivided 
into  three  or  four  farm  units,   The  land  would  require  little  develop- 
ment work  because  of  its  uniform  slopes  and  sparse  vegetative  cover. 

Two  pumping  plants,  one  a  relift  plant,  would  be  required  to  supply 
the  irrigable  land.   The  pumping  plant  at  the  initial  lift  would 
contain  two  electrically-driven  pumps,  each  of  each  would  deliver 
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6.1  cubic  feet  per  second  under  a  static  head  of  91  feet  (total  dynamic 
head  109  feet) .   The  pumps  would  discharge  into  a  lateral  which  would 
have  an  initial  capacity  of  12.2  cubic  feet  per  second  and  would 
extend  1,1  miles  in  a  southerly  direction,   The  relift  pumping  plant 
would  be  located  at  the  end  of  a  300-foot-long  inlet  channel  from  this 
lateral.   It  would  contain  one  electrically-driven  pump,  which  would 
have  a  capacity  of  7  cubic  feet  per  second  under  a  static  head  of 
about  40  feet  (total  dynamic  head  42  feet) .   The  pump  would  discharge 
into  a  lateral  which  would  extend  0.4  mile  in  a  southerly  direction. 
The  first  pumping  plant  would  supply  310  acres  of  irrigable  land, 
and  the  relift  plant  would  supply  200  acres,   Waste  water  would  be 
carried  under  the  Heart  Mountain  Canal  through  two  existing  drainage 
culverts. 

The  Cody  Pump  Area,  together  with  the  Ralston  Pump  Area,  would  be 
developed  under  the  authorization  for  Shoshone  Project  as  part  of 
the  Heart  Mountain  Division.   Because  each  area  is  small  in  size  and 
located  adjacent  to  the  Heart  Mountain  Division,  it  was  assumed  that 
the  supply  and  distribution  facilities  for  each  area  would  be  operated 
in  conjunction  with  the  facilities  of  that  division. 
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DISPLAY  OF  ACCOUNTS  WORKSHEETS 

m 

(1)  Project  Name;   Bighorn  Basin 
Map  ID:   607-601-313 

(2)  Location: 

Subreglon:   Yellowstone  River  Basin 
Drainage  Basin:   Bighorn  Basin 
State:  Wyoming 

(3)  Implementation: 

Agency:   USDI,  Bureau  of  Reclamation 

Authority:   Flood  Control  Act  of  1944  and  1946  (58  Stat.  887  and 
60  Stat.  641) 

(4)  Source  of  Information: 
Completed  by:  Jerald  E.  Farringer 
Date  Completed:  March  1977 

Reference  Documents:   Report  on  Bighorn  Basin  Division,  March  1962, 

Bureau  of  Reclamation  Projects  and  Plans  in 
Region  6  portions  of  Wyoming,  March  1971. 
A  Report  on  Polecat  Bench  Area,  Shoshone 
Extensions  Unit,  Pick-Sloan  Missouri  Basin 
Program,  Wyoming,  House  Document  No.  92-340, 
August  1972. 

Feasibility  Report  on  Modification  of  Buffalo 
Bill  Dam,  Shoshone  Project,  Wyoming,  May  1974. 
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BUFFALO  BILI 


ANNUAL  BENEFITS 

Power  $1,152,000 

Municipal  and  industrial  water  1,303,000 

Fish  and  wildlife  46,000 

Recreation  67.000 

Total  annual  benefi  $2,568,000 

ANNUAL  COSTS 

Investment  $2,111,000 

OM&R  226.000 

Total  annual  costs  $2,337,000 

NET  ANNUAL  BENEFITS  $   231,000 


BUFFALO  BILL 

ENLARGEMENT 

EQ 

PLAN 

NED  ACCOUNT 

ANNUAL  BENEFITS 

Power 

$1,152,000 

Municipal  and  industrial  water 

1,303,000 

Fish  and  wildlife 

72,000 

Recreation 

67,000 

Total  annual  benefits 

$2,594,000 

ANNUAL  COSTS 

Investment 

$2,929,000 

OM&R 

246,000 

Total  annual  costs 

$3,175,000 

NET  ANNUAL  BENEFITS 

-$      581,000 
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BUFFALO  BILL  ENLARGEMENT 
EQ  PLAN 


RD  ACCOUNT 

BENEFICIAL  EFFECTS 

Region 

Adjacent 
Region 

Rest  of 
Nation 

Total 

User  benefits 

$ 

$ 

$ 

$ 

Power 

576,000 

576,000 

— 

1,152,000 

M&I  water 

130,000 

1,173,000 

— 

1,303,000 

Fish  and  wildlife 

72,000 

— 

— 

72,000 

Recreation 

7,000 

— 

60,000 

67,000 

Regional  benefits 

Employment 

2,170,000 

-868,000 

-1,302,000 

0 

Induced   A  stemming 

475,000 

-190,000 

-285,000 

0 

Total  beneficial 
effects 

$3,430,000 

S   +6  91,000 

-$1,527,000 

$2,594,000 

ADVERSE   EFFECTS 

,    Investment 

$2,929,000 

$        -. 

?      ~ 

$2,929,000 

OM&R 

246,000 
$3,175,000 

._ 

— — 

246,000 

Total  adverse 
effects 

$        - 

$      „ 

$3,175,000 

NET  BENEFICIAL  EFFECTS 

$     255,000 

$     691,000 

-$1,527,000 

-$      581,000 
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SHOSHONE  EXTENSION  UNIT 
MCCOLLOUGH  SECTION 
1,117  acres 

PROJECT  COSTS 

Pumping  plant  and  relift  plant  $142,000 

Discharge  lines,   canals,   laterals  and  drains  472 ,000 

Total  construction  cost  $614,000 

Settlers  Assistance  and  other  costs  195,000 

Total  project  cost  $809,000 

INTEREST  DURING  CONSTRUCTION 

Total  project  cost  $809,000 

Interest  rate  .06125 

Interest  during  construction  $  49,551 

Interest  during  construction  rounded  $  49,600 

ANNUAL  EQUIVALENT  VALUE 

Total  project  cost  $809,000 

Interest  during  construction  49,600 

Assigned  cost  0 

Total   investment  $858,600 

Amortization  rate  .06141 

Annual  equivalent  value  $   52,727 

Annual  equivalent  value  rounded  $  52,700 
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SHOSHONE  EXTENSION  UNIT  (SOUTH  ADDITIONS) 
MCCULLOUGH  SECTION 
December  1976 
1,117  acres 
$148 

NED  ACCOUNT 

BENEFICIAL  EFFECTS 

Irrigation  $160.500 

Total  beneficial  effects  $160,500 

ADVERSE  EFFECTS 

Investment  $  52,700 

OM&R  8,600 

Total  adverse  effects  $  61,300 

NET  BENEFICIAL  EFFECTS  $  99,200 
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SHOSHONE  EXTENSION  UNIT 
MCCOLLOUGH  SECTION 

RD  ACCOUNT 


BENEFICIAL  EFFECTS 


User  benefits 

$ 

$ 

$ 

$ 

Irrigation 

160,500 

— 

— 

160,500 

Regional  benefits 

Employment 

41,300 

-16,500 

-24,800 

o 

Induced  ft  stemming 

246,400 

-48,600 

-147,800 

0 

Total  beneficial 
effects 

$448,200 

-$115,100 

-$172,600 

$160,500 

ADVERSE  EFFECTS 

Investment 

$   52,700 

$   ~ 

$   - 

$   52,700 

OMftR 

8,600 
$   61,300 

— 

__ 

8,600 

Total  adverse 
effects 

$   ~ 

$   - 

$   61,300 

NET  BENEFICIAL  EFFECTS 

$386,900 

-$115,100 

-$172,600 

$    99,200 
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SHOSHONE  EXTENSION  UNIT 
SAGE  SECTION 
1,470  acres 

PROJECT  COSTS 


Pumping  plant  and  relift  plant  $     359,000 

Discharge  lines,  canal,   laterals  and  drains  405,000 

Total  construction  cost  %     754,000 

Settlers  assistance  and  other  costs  247,000 

Total  project  cost  $1,001,000 

INTEREST  DURING  CONSTRUCTION 


Total  project  cost  $1,001,000 

Interest  rate  .06125 

Interest  during  construction  $~~    61,311 

Interest  during  construction  rounded  $       61,300 

ANNUAL  EQUIVALENT  VALUE 

Total  project  cost  $1,001,000 

Interest  during  construction  61,300 

Assigned  cost  0 

Total  investment  $1,062,300 

Amortization  rate  .06141 

Annual  equivalent  value  $       65,236 

Annual  equivalent  value  rounded  $       65,200 
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SHOSHONE  EXTENSION  UNIT  (SOUTH  ADDITIONS) 
SAGE  SECTION 
December  1976 
1,470  acres 
$148 

NED  ACCOUNT 

BENEFICIAL  EFFECTS 

Irrigation  $211,300 

Total  beneficial  effects  $211,300 

ADVERSE  EFFECTS 

Investment  $  65,200 

OM&R  17.000 

Total  adverse  effects  $  82,200 

NET  BENEFICIAL  EFFECTS  $129,100 
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SHOSHONE  EXTENSION   UNIT 
SAGE  SECTION 

RD  ACCOUNT 

BENEFICIAL  EFFECTS 

Region 

Adjacent 
Region 

Rest  of 
Nation 

Total 

User  benefits 

$ 

$ 

$ 

$ 

Irrigation 

211,300 

— 

— 

211,300 

Regional  benefits 

Employment 

51,100 

-20,400 

-30,700 

0 

Induced  &  stemming 

324,200 

-129,700 

-194,500 

0 

Total  beneficial 
effects 

$586,600 

-$150,100 

-$225,200 

$211,300 

ADVERSE  EFFECTS 

Investment 

$   65,200 

$  - 

$   - 

$   65,200 

OM&R 

17,000 
$   82,200 

__ 

— 

17,000 

Total  adverse 
effects 

$   -_ 

$   - 

$   82,200 

NET  BENEFICIAL  EFFECTS 

$504,400 

-$150,100 

-$225,200 

$129,100 
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BIGHORN  UNIT 
AREA  NO.   1 
860  acres 

PROJECT  COSTS 

Pumping  plant  $     122,000 

Discharge  lines,   canals,   laterals  and  drains                    609,000 

Total  construction  cost  $"  731,000 

Settlers  assistance  and  other  costs  959,000 

Total  project  cost  $1,690,000 


INTEREST  DURING  CONSTRUCTION 


Total  project  cost 

Interest  rate 

Interest  during  construction 

Interest  during  construction  rounded 


.06125 
I        58,738       ■      ^    ^     ' 

/03y5/3 

$        58,700     /0q    oc^> 


ANNUAL  EQUIVALENT  VALUE 


Total  project  cost 

Interest  during  construction 

Assigned  cost 

Total  investment 
Amortization  rate 
Annual  equivalent  value 

Annual  equivalent  value  rounded 


58,700  /c4y6<:£> 

$1,017,700  ^  9^  C0° 
.06141 

$        62,497  f/6/^1 

$        62,500  //CJCC 
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BIGHORN   UNIT 
AREA  NO.    1 

January  1977 
860  acres 
$148 

NED  ACCOUNT 

BENEFICIAL  EFFECTS 

Irrigation 

Total  beneficial  effects 

ADVERSE  EFFECTS 

Investment 

OM&R 

Total  adverse  effects 

NET  BENEFICIAL  EFFECTS 


$123,600 
$123,600 

$  «r5GO  JiOj  ^OO 

6.900  

$  *9740tr  !/J;  /CO 

$  54^00-  ^  S0d 
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BIGHORN  UNIT 
AREA  NO.  1 
January  1977 

RD  ACCOUNT 

BENEFICIAL  EFFECTS 

Region 

Adjacent 
Region 

Rest  of 
Nation 

Total 

User  benefits 

$ 

$ 

$ 

$ 

Irrigation 

123,600 

123,600 

Regional  benefits 

Employment 

48,900 

-19,600 

-29,300 

0 

Induced  &  stemming 

185.400 

-74.200 

-111.200 

0 

Total  beneficial 
effects 

$357,900 

-$93,800 

-$140,500 

$123,600 

ADVERSE  EFFECTS 

Investment 

$  02,500-    $ 

$ 

$  «r?75es 

//0,3o£> 

OM&R 

6.900 

nVcc 

$-69,7.00 

6,900 
$  6-9,400- 

Total  adverse 
effects 

$ 

$ 

11*7/00 

NET  BENEFICIAL  EFFECTS 

$280,  500' 

-$93,800 

-$140,500 

$  54,200- 

U  gob 
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BIGHORN  RIVER 

AREA  NO.  2 

(Acres ) 

PROJECT  COSTS 


Power  pumping  plant 

Discharge  lines,  canals,  laterals  and  drains 

Total  construction  cost 
Settlers  assistance  and  other  costs 

Total  project  cost 


$  152,000 
662,000 

|  814,000 
253.000 

$1,067,000 


INTEREST  DURING  CONSTRUCTION 


Total  project  cost 

Interest  rate 

Interest  during  construction 

Interest  during  construction  rounded 


$1,067,000 

.06125 

$"       65,354 


$ 


65,400 


ANNUAL  EQUIVALENT  VALUE 


Total  project  cost 

Interest  during  construction 

Assigned  cost 

Total   investment 
Amortization  rate 
Annual  equivalent  value 

Annual  equivalent  value  rounded 


$1,067,000 
65,400 

0 

$1,132,400 
.06141 

$"        69,541 

$        69,500 


BIGHORN  UNIT 

AREA  NO.  2 

January  1977 

875  acres 

$148 

NED  ACCOUNT 

BENEFICIAL  EFFECTS 

Irrigation 

$125,700 

Total  beneficial  effects 

$125,700 

ADVERSE  EFFECTS 

Investment 

$  69,500 

OM&R 

7.000 

Total  adverse  effects 

$  76,500 

NET  BENEFICIAL  EFFECTS 

$  49,200 
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BENEFICIAL  EFFECTS 

User  benefits 

Irrigation 

Regional  benefits 

Employment 

Induced  6c  stemming 

Total  beneficial 
effects 

ADVERSE  EFFECTS 

Investment 

OM&R 

Total  adverse 
effects 

NET  BENEFICIAL  EFFECTS 


BIGHORN  UNIT 
AREA  NO.  2 

January  1977 

RD  ACCOUNT 

Adjacent 
Rep Ion     Region 


$ 


125,700 


Rest  of 
Nation 


$ 


$  69,500    $ 
7.000   


Total 


125,700 


54,400    -21,800     -32,600         0 
187.400    -75.000    -112.400   0 


$367,500   -$96,800   -$145,000   $125,700 


$  69,500 
7.000 


$  76,500    $         $  $  76,500 

$291,000   -$96,800   -$145,000   $  49,200 
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GREYBULL  FLAT  UNIT 
980  acres 

PROJECT  COSTS 

Power  pumping  plant  $103,000 

Discharge  lines,   canals,  laterals  and  drains  532,000 

Total  construction  cost  $635,000 

Settlers  assistance  and  other  costs  201,000 

Total  project  cost  $836,000 

INTEREST  DURING  CONSTRUCTION 

Total  project  cost  $836,000 

Interest  rate  .06125 

Interest  during  construction  $  51,205 

Interest  during  construction  rounded  $  51,200 

ANNUAL  EQUIVALENT  VALUE 

Total  project  cost  $836,000 

Interest  during  construction  51,200 

Assigned  cost  0 

Total   investment  $887,200 

Amortization  rate  .06141 

Annual  equivalent  value  $  54,483 

Annual  equivalent  value  rounded  $   54,500 
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GREYBULL  FLAT  UNIT 
December  1976 
980  acres 
$148 

NED  ACCOUNT 
BENEFICIAL  EFFECTS 

Irrigation  $140.800 

Total  beneficial  effects  $140,800 
ADVERSE  EFFECTS 

Investment  $  54,500 

OM&R  8,700 

Total  adverse  effects  $  63,200 

NET  BENEFICIAL  EFFECTS  $  77,600 
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GREYBULL  FLAT  UNIT 
RD  ACCOUNT 


BENEFICIAL  EFFECTS 

Region 

Adjacent 
Region 

Rest  of 
Nation 

Total 

User  benefits 

$ 

$ 

$ 

$ 

Irrigation 

140,800 

— 

— 

140,800 

Regional  benefits 

Employment 

42,600 

-17,000 

-25,600 

0 

Induced  A  stemming 

214,500 

-85.800 

-128.700 

0 

Total  beneficial 
effects 

$397,900 

-$102,800 

-$154,300 

$140,800 

ADVERSE   EFFECTS 

Investment 

$   54,500 

$   - 

$   - 

$   54,500 

OM&R 

8,700 
$   63,200 

mmmm 

mmtm 

8,700 

Total  adverse 
effects 

$   - 

$    — 

$   63,200 

NET  BENEFICIAL  EFFECTS 

$334,700 

-$102,800 

-$154,300 

$   77,600 
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CODY   PUMP  AREA 
510  acres 

PROJECT  COSTS 

Pumping  plant  and  relift  $154,000 

Discharge  lines,  canals,   laterals  and  drains  228,000 

Total  construction  cost  $382,000 

Settlers  assistance  and  other  costs  120.000 

Total  project  cost  $502,000 

INTEREST  DURING  CONSTRUCTION 

Total  project  cost  $502,000 

Interest  rate  .06125 

Interest  during  construction  $  30,747 

Interest  during  construction  rounded  $  30,700 

ANNUAL  EQUIVALENT  VALUE 

Total  project  cost  $502,000 

Interest  during  construction  30,700 

Assigned  cost  0 

Total   investment  $532,700 

Amortization  rate  .06141 

Annual  equivalent  value  $  32,713 

Annual  equivalent  value  rounded  $  32,700 
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SHOSHONE  PROJECT 

CODY  PUMP  AREA 

December  1976 

510  acres 

$148 

NED  ACCOUNT 

BENEFICIAL  EFFECTS 

Irrigation 

$73,300 

Total  beneficial  effects 

$73,300 

ADVERSE  EFFECTS 

Investment 

$32,700 

OM&R 

4,500 

Total  adverse  effects 

$37,200 

NET  BENEFICIAL  EFFECTS 

$36,100 
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CODY  PUMP  AREA 
December  1976 

RD  ACCOUNT 


BENEFICIAL  EFFECTS 

Region 

Adjacent 
Region 

Rest  of 
Nation 

Total 

User  benefits 

$ 

$ 

$ 

$ 

Irrigation 

73,300 

73,300 

Regional  benefits 

Employment 

25,600 

-10,200 

-15,400 

0 

Induced  &  stemming 

6.500 

-2.600 

-3.900 

0 

Total  beneficial 
effects 

$105,400 

-$12,800 

-$19,300 

$73,300 

ADVERSE  EFFECTS 

Investment 

$  32,700 

$ 

$ 

$32,700 

OM&R 

4.500 
$  37,200 

4.500 

Total  adverse 
effects 

$ 

$ 

$37,200 

NET  BENEFICIAL  EFFECTS 

$  68,200 

-$12,800 

-$19,300 

$36,100 
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EQ  ACCOUNT 


BENEFICIAL  EFFECTS 

Areas  of  natural  beauty  and  human  enjoyment:   Increase  total 
reservoir  surface  acres.   Improve  recreation  facilities. 

Biological,  geological, and  ecological  elements:   Create  some 
upland  game  bird  habitat  in  irrigated  area.   Create  some 
aquatic  fur  animal  habitat  in  canals  and  laterals.   Create 
some  goose  and  duck  nesting  areas.   Waste  grains  would 
provide  waterfowl  food.   Maintain  stable  downstream  flows. 

Water  quality:   Remove  some  silt  from  streams.   Stabilize  stream 
temperature. 

ADVERSE  EFFECTS 

Areas  of  natural  beauty  and  human  enjoyment  lost:   Inundation  of 
wildlife  habitat.   Visual  effect  of  canals,  laterals, 
diversion  dams,  pumping  plants,  dams,  transmission  lines, 
access  roads,  and  recreation  facilities.   Visual  impact  from 
lake  level  fluctuations.   Loss  of  native  vegetation  to 
domestic  crops.   Loss  of  stream  habitat  in  reservoirs. 
Hunting  would  be  lost  on  project  lands.   Public  domain  lands 
would  convert  to  private  ownership. 

Biological,  geological, and  ecological  elements:   Average  annual 
streamflows  would  be  reduced.   Strutting  grounds  of  sage 
grouse  would  be  eliminated  in  irrigated  areas. 

Archeological,  historicalj and  cultural  elements  lost:   Some 

archeological  sites  would  be  lost  in  the  reservoir  sites  and 
irrigated  areas. 

Irreversible  considerations:   Some  stream  loss. 

Water  quality:   Increase  in  salinity  due  to  return  flows. 

Air  quality:   Burning  of  crop  stubble  would  reduce  air  quality. 


525 


BIGHORN  BASIN  DIVISION 
SWB  ACCOUNT 

The  Bighorn  Basin  is  a  sparsely  populated  area.  Therefore,  develop- 
ment of  irrigation  facilities  would  have  a  relatively  great  impact 
during  the  construction  period. 

Construction  Crews 

Construction  of  facilities  for  the  five  planned  irrigation  projects  in 
the  basin  would  require  approximately  1,600  man-years  of  onsite 
labor.   Assuming  simultaneous  construction  of  the  five  units  (82  per- 
cent of  total  costs  are  included  in  the  Shoshone  Extensions  Unit-South) , 
annual  construction  crews  would  vary  from  about  500  men  to  30  men 
during  the  6-year  construction  period.   Assuming  that  90  percent  of 
the  work  crews  are  drawn  from  the  adjacent  region,  there  would  be  a 
3-year  period,  involving  90  percent  of  construction  costs,  during  which 
imported  construction  workers  would  number  about  450. 

School  Facilities 

A  relatively  temporary  construction  crew  of  this  size  would  have  a 
considerable  sociological  and  economic  impact  in  the  region.   Assuming 
that  50  percent  of  the  crews  are  married  and  that  the  married  members 
each  have  one  school- age  child,  over  200  children  would  have  to  be 
accommodated  by  the  area  schools  during  the  high  construction  period. 
This  would  entail  additional  classroom  facilities,  supplies,  busing 
facilities, and  tax  levies.   It  would  also  involve  dilution  of  local 
norms  and  attitudes  within  the  schools.   At  the  same  time,  the  temporary 
nature  of  the  impact  would  somewhat  limit  accommodation  of  the  new 
students. 

Housing 

The  influx  of  imported  workers  would  require  an  additional  400  units 
of  housing  during  the  3-year  high  construction  period.   This  would 
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create  inflationary  presaures  in  the  housing  markets,  particularly  in 
rental  housing.   It  is  assumed  that  much  of  the  demand  would  be  supplied 
by  mobile  homes,  because  of  the  relatively  short  construction  period. 

Community  Services 

The  increased  population  and  purchasing  power  in  the  area  would  increase 
demand  for  shipping  facilities  and  community  services  within  the  area. 
Although  some  physical  expansion  of  facilities  would  take  place,  most  of 
the  increased  demand  would  be  accommodated  by  current  facilities.   How- 
ever, there  would  be  a  definite  increase  in  commercial  facilities  and 
services  needed  to  supply  the  requirements  of  increased  irrigation 
farming  and  to  process  the  increased  produce.   This,  in  turn,  would 
strengthen  the  employment  base  in  the  area. 

Prices 

The  increased  incomes  and  spending  power  in  the  area  would  create 

at  least  temporary  inflationary  pressures  on  area  goods  and  services. 

Although  the  source  of  most  of  the  increased  demand  would  be  short-run, 

price  structures  would  not  be  expected  to  abate  to  preconstruction  levels. 

Thus,  there  would  be  some  permanent  adverse  effects  on  fixed- income 

recipients. 
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CLARKS  FORK  BASIN  ISSUE  PAPER 


OVERVIEW 


The  long-range  plan  of  development  for  economical  use  of 
land  and  water  resources  In  the  Clarks  Fork  Basin  would  include 
the  Beartooth  Unit  for  power  production  and  the  1,600-acre  Badger 
Basin.   Potential  also  exists  for  irrigation  on  the  Pryor  Bench 
Unit,  Whitehorse  Bench  Unit,  Clarks  Fork  Secondary  Project,  Chapman 
Bench,  Shoshone  Diversion,  Red  Lodge-Rosebud  Irrigation  District, 
and  Cyclone  Bar  Project. 

The  future  of  the  basin  is  related  directly  to  its  water 
supply  and  power  production  potential.   Irrigation  is  expected 
to  remain  fairly  stable  with  limited  private  development  for 
crop  and  range  grass  production.   With  minimal  expansion  of  the 
agricultural  base,  the  out-migration  of  young  people  is  expected 
to  continue.   Mineral  development  opportunities  and  industrial 
expansion  throughout  the  northern  portion  of  Wyoming  would  benefit 
from  power  production.   Water  right  applications,  filed  with  the 
Stnte,  have  been  made  by  private  concerns.   The  location  of  the 
rights  coincide  with  several  potential  reservoir  sites.   This  may 
reflect  the  interest  in  coal  reserve  development  to  the  east  of 
the  basin. 

Clarks  Fork  Dam  site  also  has  been  identified  as  having  po- 
tential for  storing  water  for  M&I  use.   Some  flood  control  benefits 
would  be  realized  from  operation  of  the  dams.   Social  benefits 
would  accrue  through  population  stabilization  and  employment  on" 
the  irrigation  projects  and  operation  and  maintenance  of  the  dams. 
Environmental  cost  of  the  dams  and  reservoirs  would  be  high.   At 
the  same  time,  there  is  a  growing  need  for  electric  power  and  water 
for  coal  conversion  into  other  energy  forms.   Such  an  important 
storage  potential  cannot  be  written  off,  but  recent  studies  indicate 
that  no  reservoirs  will  be  required  for  some  time. 

A  coordinated  plan  of  development  is  necessary  to  insure 
efficient  use  of  the  remaining  water  resources  and  irrigable  land. 
Private  irrigation  developments  often  result  in  the  irrigation  of 
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unsuitable  soils,  and  the  inefficient  use  of  available  water. 

Henrtooth  Unit 

Beartooth  Unit  would  include  three  dams  and  reservoirs  on 
the  main  stream  ;  one  dam  and  reservoir  on  Sunlight  Creek,  a 
tributary-  and  three  powerplants  to  utilize  the  regulation  and 
hydrostatic  heads  provided  by  the  dams.   Power  installations  in 
the  unit  would  have  the  following  characteristics: 


Feature 
Hunter  Mountain 
Thief  Creek 
Sunlight 
Bald  Ridge 
Total 


1  Reservoir 
Capacity 
(ac . feet) 

130,000 

200,000 

50,000 

14,600 


Avg.  Wtd. 

Powerplant 

Estimated  Avg. 

Area 

Head 

Capacity 

Annual  generation 

Inundated 

(ft) 

(kW) 

(MkWhr) 

(acres) 

609 

14,400 

100.22 

1900 

1404 

125,200 

504.52 

1170 

2003 

14,900 

111.76 

1550 

390 

23,000 

156.51 

225 

177,500 

873.01 

i_ ' — ■ 

Hunter  Mountain  Dam  would  be  located  farthest  upstream  on  the 
Clarks  Fork.   A  conduit  34,800  feet  long  would  convey  water  from 
Hunter  Mountain  Reservoir  to  Hunter  Mountain  Powerplant  which  would 
contain  a  single  generating  unit. 

Thief  Creek  Dam  would  be  located  about  12  miles  downstream  from 
Hunter  Mountain  Dam.   A  conduit  39,000  feet  long  would  convey  water 
from  Thief  Creek  Reservoir  to  Sunlight  Powerplant.   This  plant  would 
be  located  on  the  Clarks  Fork  directly  below  its  confluence  with 
Sunlight  Creek  and  would  contain  two  generating  units  to  utilize 
releases  from  Thief  Creek  Reservoir,  and  one  generating  unit  to  utilize 
releases  from  Sunlight  Reservoir. 

Sunlight  Dam  would  be  located  on  Sunlight  Creek  about  6^  miles 
upstream  from  Its  confluence  with  the  Clarks  Fork.   A  conduit  34,900 
feet  long  would  convey  water  from  Sunlight  Reservoir  to  the  powerplant. 

Bald  Ridge  Dam  would  be  located  about  7  miles  downstream  from 
Thief  Creek  Dam.   A  conduit  25,600  feet  long  would  convey  water  from 
Bald  Ridge  Reservoir  to  Bald  Ridge  Powerplant,  which  would  contain  a 
single  generating  unit. 
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Hunter  Mountain  Powerplant  and  Bald  Ridge  Powerpiant  would  be 
operated  by  remote  control  from  Sunlight  Powerplant.   The  plants 
would  be  interconnected  with  facilities  of  the  Missouri  River  Basin 
Transmission  Division. 


DAM  PROPERTIES 

i 

Dam 

Ht .  Above 

Streambed 

(ft) 

Length 
(ft) 

Volume 
(cu.  yds.) 

Outlet  Wks. 
Discharge* 
(ft^/s) 

Hunter  Mountain 
Thief  Creek 
Sunlight 
Bald  Ridge 

215 
343 
146 

140 

1430 
750 
850 

1000 

3,420,000 
57  7,000** 
444,000 

1,236,000 

515 
700 
500 
600 

*  At  maximum  water  surface  elevation. 

•''<■*  Thief  Creek  Dam  would  be  a  concrete  arch  structure.   The  other 
dams  would  be  earthfill  structures.. 


CONDUIT 

PROPERTIES 

' 

Tunnel 

Penstock 

Conduit 

Length 
(ft) 

Diameter 

(ft) 

Length 
(ft) 

Diameter 
(ft) 

Hunter  Mountain 

Thief  Creek 
Sunlight 
Bald  Ridge 

31,000 

32,000 

* 
24,500 

9\ 

13* 

12* 

3 ,  800 

7,000 

12,500 
1,100 

7 

10 

3  ^4 
10 

*  Conduit  would  include  3200  feet  of  tunnel  with  a  diameter 
of  7  feet  and  19,200  feet  of  concrete  pipe  in  cut-and-cover  with 
a  diameter  of  5^  feet. 

At  the  present  time  there  are  about  42,150  acres  of  land  irri- 
gated from  Clarks  Fork.   Except  for  extremely  dry  months,  such  as 
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occurred  in  August  1940,  an  adequate  supply  is  available  for 
these  lands  from  the  unregulated  flows  of  Clarks  Fork.   The 
infrequent  demand  for  supplemental  water  precludes  construction 
of  storage  facilities  to  furnish  such  supplemental  water.   However, 
the  streamflow  regulation  provided  by  normal  operation  of  the 
Beartooth  Unit  for  power  production  would  provide,  if  required, 
enough  water  to  irrigate  10,000  to  15,000  acres  of  new  lands  in 
addition  to  those  presently  irrigated.   This  streamflow  regulation 
would  provide  incidental  benefits  by  reducing  operation  and  main- 
tenance costs  resulting  from  diversion  difficulties  now  experienced 
under  conditions  of  extreme  flow  fluctuations  and  would  reduce  the 
tendency  to  over- irrigate  during  flood  periods. 

Minimum  flows  that  would  be  maintained  continuously  throughout 
the  year  for  protection  and  propagation  of  fish  are  as  follows: 


Reach  of  Stream 

Minimum  Flows 
(ftVs) 

Sunlight  Dam  to  mouth  of  Sunlight  Creek 
Hunter  Mountain  Dam  to  mouth  of  Crandall  Creek 
Thief  Creek  Dam  to  Sunlight  Powerplant 
Bald  Ridge  Dam  to  Bald  Ridge  Powerplant 

15 
20 
40 
70 

These  flows  would  be  increased  by  occasional  spills  and 
accretions  below  the  dams. 

Since  the  land  involved  is  located  principally  within  National 
Forest  boundaries,  there  would  be  little  development  without  this 
plan.   Private  parties  have  made  water  right  applications  to  the 
State  of  Wyoming  for  developments  similar  to  those  contained  in  this 
plan,  indicating  that  there  is  some  interest  in  private  development. 
If  the  unit  were  not  constructed,  the  electrical  power  probably  would 
be  developed  in  eastern  Montana  or  Wyoming  with  a  coal- fired  thermal 
power  generating  plant.   Costs  probably  would  be  less,  but  the  environ- 
mental impact  might  be  higher. 
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Water  Rights 

Before  construction  started  a  water  right  filing  would  be 
made  with  the  Wyoming  State  Engineer.   It  would  include: 
(a)  A  permit  to  construct  each  reservoir  to  store  water  as  follows: 


Reservoir 

Storage  in  Acre-Feet 

Hunter  Mountain 
Thief  Creek 
Sunlight 
Bald  Ridge 

130,000 

200,000 

50,000 

14,600 

(b)  A  direct  flow  right  from  the  Clarks  Fork  at  each  of  the  dams  for 
the  following  quantities  of  water: 


Dam 

Quantity  of  Water 
(ft3/s) 

Hunter  Mountain 
Thief  Creek 
Bald  Ridge 

510 

1  ,77h 
1 ,  044 

(c)  A  direct  flow  right  from  Sunlight  Creek  at  Sunlight  Dam  for 
135  ft3/s. 
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Storage 

Requirements 

Storage  depletion 

From  sediment 

Conservation 

Protection  of 

Reservoir 

in  100  years 

Storage 

Fish  in  Reservoir 

(Acre-Feet) 

(Acre-Feet) 

(Acre-Feet) 

Hunter  Mountain 

1,630 

127,000 

3,000 

Thief  Creek 

3,130 

190,000 

10,000 

Sunlight 

1,350 

48,000 

2,000 

Bald  Ridge 

1,240 

10,200 

4,400 

Alternative  Power  Generation  Sites 

Broadwater  Lake:   This  lake  is  situated  near  the  headwater  of  the 
Clarks  Fork  and  the  northeast  corner  of  Yellowstone  National  Park 
in  Montana.   About  9,300  acre- feet  of  storage  could  be  provided  by 
construction  of  a  dam,  with  a  maximum  height  of  55  feet  and  a  crest 
length  of  about  1,000  feet,  across  the  outlet  of  the  natural  lake. 
Storage  cost  per  acre- foot  at  this  site  would  be  quite  high.   The 
environmental  cost  eliminates  this  reservoir  from  consideration. 

Cranite  Lake:   This  lake  is  the  largest  natural  body  of  water  in  the 
Beartooth  Plateau  region.   It  is  situated  on  Lake  Creek  on  the 
Montana-Wyoming  line.   About  10,000  acre-feet  of  storage  could  be 
provided  by  constructing  a  concrete  dam,  with  a  maximum  height  of 
55  feet,  across  the  lake  outlet.   None  of  several  possibilities  for 
developing  storage  at  this  site  proved  to  be  economically  feasible. 
The  site  may  warrant  further  study  if  demand  for  electric  power  be- 
comes acute. 


Beartooth  Lake:   This  lake  lies  adjacent  to  U.S.  Highway  12  from 
Red  Lodge  to  Cooke  City,  Montana.   About  8,500  acre-feet  of  storage 
could  be  provided  in  the  lake  by  construction  of  a  55-foot-high  concrete 
dam  across  the  lake  outlet.   Use  of  the  lake  to  provide  storage  for 
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power  production  was  rejected  because  of  the  lake's  present  scenic 
and  recreational  values. 

Deep  Lake:   This  lake  apparently  was  formed  by  a  boulder  slide  that 
filled  the  channel  of  Little  Rock  Creek.   To  utilize  the  natural 
storage  available  for  power  production,  it  would  be  necessary  to 
construct  an  outlet  works  through  the  rock  slide  and  to  blanket  the 
upstream  face  of  the  slide  to  cut  off  seepage  losses  through  the 
previous  slide  material.   Both  operations  would  be  hazardous  and 
expensive,  and,  from  field  observation,  it  was  concluded  they  could 
not  be  justified.   The  possibility  of  diverting  water  from  the  stream 
below  the  slide  area  is  more  attractive  and  may  warrant  further  study 
as  power  demands  increase. 

Swamp  Lake:   This  lake  lies  on  the  south  side  oi  the  Clarks  Fork, 
between  Hunter  Mountain  and  Thief  Creek  Reservoir  sites.   The  lake  is 
ideally  suited  to  storage  development  for  power  production,  but  the 
drainage  area  above  the  lake  is  too  small  to  furnish  sufficient  water 
for  storage.   A  dam  about  55  feet  high  and  300  feet  long,  in  conjunc- 
tion with  several  small  dikes,  would  impound  about  18,000  acre-feet 
of  water. 

Upper  Sunlight  Reservoir:   Original  plans  for  control  of  runoff  of 
Sunlight  Creek  included  a  dam  at  a  site  about  10  miles  above  the 
mouth  of  the  creek.   An  earthfill  dam  160  feet  high  and  1,000  feet 
long  would  impound  54,000  acre- feet  of  water.   The  reservoir  area  is 
public  land,  mostly  within  the  boundary  of  Shoshone  National  Forest. 
The  sile  was  rejected  due  to  the  problem  of  controlling  leakage  that 
would  occur  under  a  dam  at  this  site. 

Rock  Creek  Storage  Sites:   Several  damsites  on  West  Fork  of 
Rock  Creek  or  on  lake  Creek  have  been  proposed  from  time  to  time, 
but  reconnaissance  investigations  have  shown  that  very  little  storage 
could  be  obtained  at  any  of  the  sites  unless  very  high  and  expensive 
dams  could  be  constructed.   Black  Canyon  Lake  on  a  tributary  of 
Lake  Creek  appears  to  be  in  a  desirable  storage  area  but  the  dam- 
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site  is  covered  by  slide  rock  and  may  not  be  suitable  for  storage 
use.   Twin  Lakes,  situated  on  a  minor  tributary  of  Rock  Creek,  could 
be  controlled  to  provide  storage  at  reasonable  cost;  however,  the 
development  would  destroy  a  nationally  known  scenic  attraction. 

As  proposed,  the  Beartooth  Unit  would  provide  baseload  power 
only.   Increased  fossil  fuel  costs  are  causing  a  peaking  power  short- 
age.  A  pump-back  peaking  installation  would  probably  improve  the 
Beartooth  Unit  benefit-cost  ratio.   This  should  be  explored  when 
additional  studies  are  made. 
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OFFSTREAM  STORAGE  FOR  BADGER  BASTN  UNIT 
AMi  OTHFR  IRRIGATION 


If  Badger  Basin  Unit  were  built  without  storage,  there  would  be 
frequent  water  shortages.   A  supplementary  water  supply  of  1,820  acre- 
feet  per  year  would  be  required.   Similar  conditions  would  exist  on 
the  Cyclone  Bar  Project,  where  an  additional  3,820  acre-feet  would  be 
required.   There  are  also  frequent  water  shortages  on  some  presently 
irrigated  lands. 

Several  storage  sites  were  investigated,  including  the  proposed 
Clarks  Fork  Dam.   Site  No.  IB  (see  map)  would  provide  the  lowest  cost 
storage  for  Badger  Basin  Unit  and  the  Cyclone  Bar  Project,  but  most 
years  there  would  be  little,  if  any,  water  available  for  other  irrigators. 
The  area  is  composed  of  glacial  outwash  material  with  numerous  erratics 
and  boulder  trains.   The  dam  and  back  dike  would  be  rolled  earthfill 
construction  with  deep  cutoffs.   A  low  diversion  dam  across  Clarks  Fork 
River  would  turn  the  water  into  a  7 ,600-foot-long  canal  with  a  capacity 
of  50  ft  /s.   This  canal  would  carry  excess  riverflows  into  the  reser- 
voir.  Studies  indicate  there  would  be  sufficient  water  to  fill  the 
reservoir. 

A  dam  at  Site  No.  1  would  provide  water  for  all  irrigation  needs 
at  only  a  small  increase  in  the  cost  per  acre-foot.   The  geology  and 
type  of  dams  would  be  similar  to  Site  No.  IB.   The  diversion  dam  would 
be  located  about  2,500  feet  farther  upstream.   The  canal  would  be  about 
10,000  feet  long  with  a  capacity  of  200  ft  /s.   Maximum  releases  during 
August  and  September  would  be  about  300  ft  /s.   Although  this  would- 
improve  fish  habitat,  no  monetary  benefits  were  assigned. 

No  feasible  sites  were  found  that  would  be  compatible  with  Clarks 
Fork  Dam.   Although  water  from  Clarks  Fork  Dam  would  be  more  expensive, 
it  would  be  well  within  the  Badger  Basin  Unit  payment  capacity. 

A  comparison  follows: 
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RESERVOIR  PROPERTIES 


Reservoir 


Maximum  Surface   Total 
Depth    Area   Storage 
(ft.)    (acres)  (ac-ft) 


Dead 

Storage 

Available 

&  100  Yr. 

For 

Sediment 

Evaporation 

Irrigation 

(ac-ft) 

(ac-ft) 

(ac-ft) 

1,530 

500 

22,440 

400 

250 

5,860* 

185,000 

- 

327,000 

Site  No.  1  60 
Site  No.  IB  28 
Clarks  Fork 


680   24,470 

320    6,510 

4,600   512,000 


*After  calculating  instream  losses  and  return  flow  that  could  be  used 
by  downstream  irrigators,  Badger  Basin  would  require  maximum  annual 
releases  of  1,940  acre-feet  and  Cyclone  Bar  Project  would  require 
3,920  acre-feet. 


Site   1 


Site   IB 


Clarks   Fork 
Reservoir 


Construction   Cost  $5,203,000       $1,272,200 

Total   Allocated   Investment   Cost      $5,534,700       $1,353,300 
Cost    per   acre-loot    (usable)  $15.93  $15.93 


$96,700,000 
$18.35 


Summary:      The  total  annual   storage  cost  for  Badger  Basin  would  be 
$30,600,   and   for  Cyclone  Bar,   $60,900.      Total  0M&R  would  be  about 
$12,000  per  year.      If  the  Clarks  Fork  Dam  is  not   included   in  the 
recommended   plan,   and   Badger  Basin   Unit  and  Cyclone  Bar  Project  are 
included,    it  would  be  possible  to  obtain  supplemental  water  from 
reservoirs  at  cither  Site  No.    1  or  IB.      If  persons   presently   irrigating 
land    in  the  Clarks   Fork  watershed  also  desire  supplemental  water, 
Site  No.    1  would  best  serve  these  needs.      If  Clarks   Fork  Reservoir  and 
Badger  Basin  Unit  are   included    in  the  recommended   plan,   provision 
should  be  made  to  allocate  1,940  acre-feet  of  storage  to  that  unit. 
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BADGER  BASIN  UNIT  -  IRRIGATION 

The  Badger  Basin  Unit  would  be  situated  on  a  bench  on  the  east 
side  of  the  Clarks  Fork  about  2  miles  west  of  Big  Sand  Coulee.   The 
unit   comprising  1,600  acres  of  irrigable  land,  would  be  supplied  by 
pumping  from  the  Clarks  Fork.   Badger  Basin  oilfield  is  located  in 
the  same  area  but  would  not  affect  development  of  the  unit.   Presently 
irrigated  land  below  the  unit  would  require  drainage  protection. 

Project  Works 

Pumping  Plant :  The  pumping  plant  would  be  an  outdoor-type  installation 
with  two  pumps  and  motors  that  would  deliver  31  ft3/s  against  a  static 
head  of  104  feet.  About  830  feet  of  discharge  line  would  be  required. 
The  riverbanks  appear  stable. 

Laterals:   Badger  Basin  Lateral  #1  would  serve  1,020  acres  of  irrigable 

land  in  the  east  portion  of  the  unit.   This  lateral  would  be  4.2  miles 

3  3 

long  and  have  an  initial  capacity  of  31  ft  /s.   It  would  deliver  21  ft  /s 

to  Lateral  #2  which  would  be  2.25  miles  long  and  supply  580  acres  on 

the  west  end. 

The  desirability  of  extending  Lateral  #1  to  serve  a  small  acreage 

along  Big  Sand  Coulee  was  investigated.   About  3.5  miles  of  lateral 

extension  through  relatively  poor  materials,  involving  excavation  of 

sandstone  and  lining,  would  be  necessary.   It  was  concluded  that  this 

extension  would  be  too  expensive. 

Operation  and  Maintenance:   The  Sirrine  Ditch  Company  operates  adjacent 
to  the  unit.   If  they  agreed,  the  unit  could  be  operated  by  that 
company. 

Soils 

Soils  of  the  Badger  Basin  Unit  were  formed  in  recent  time  from 
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surrounding  shale  and  limestone  hills.   Soil  textures  vary  from  sandy 
loams  to  light  clays .   Soil  depths  range  to  more  than  10  feet  with 


scattered  sandstone  outcrops  along  the  western  edge.   Topography  is 
generally  very  gently  sloping  and  favorable  to  irrigation.   All 

1,600  acres  of  irrigable  land  in  the  unit  are  in  Class  2  according  to  a 
semidetailed  classification. 

Elevation  of  the  area  is  4,200  feet  above  m.s.l.  and  the  mean 
frost-free  period  exceeds  150  days. 

Land  Use:   Most  raw  crops  that  are  grown  in  the  Clarks  Fork  area  could 
be  grown  on  this  unit.   However,  sugar  beets  probably  would  not  be 
grown  due  to  the  long  distance  to  a  railhead.   Dry  beans  and  seed  peas 
would  be  the  principal  cash  crops,  but  most  of  the  land  would  be  devoted 
to  production  of  small  grains  and  forage  crops.   The  principal  farm 
enterprise  would  be  raising  and  fattening  of  livestock.   Crop  distri- 
bution and  yields  would  be  similar  to  those  on  the  Shoshone  Project. 

Water  Supply 

Water  supply  for  the  unit   would  be  pumped  from  the  Clarks  Fork. 
The  total  annual  diversion  requirement  would  be  5,470  acre-feet,  and 
the  average  annual  net  depletion,  considering  return  flow,  would  be 
2,400  acre-feet.   Without  the  storage  afforded  by  reservoirs  of  the 
Beartooth  Unit,  the  Badger  Basin  Unit  might  experience  water  shortages 
during  extremely  dry  months. 

Water  Rights 

If  development  of  the  Badger  Basin  is  approved,  a  filing  should 
be  made  with  the  Wyoming  State  Engineer  for  a  direct  flow  right  from 
the  Clarks "Fork  for  23  ft3/s. 


541 


542 


ALTERNATIVE  IRRIGATION  UNITS 

Pryor  Bench  Unit:   Benches  along  Pryor  Creek,  just  outside  the  Clarks 

Fork  Basin,  contain  about  35,000  acres  of  irrigable  land  which  could 

be  irrigated  by  diversion  from  the  Clarks  Fork.   To  serve  this  land, 

a  125-mile-long  canal,  beginning  at  the  outlet  at  Bald  Ridge  Tunnel, 

3 
would  be  required.   An  initial  capacity  of  1,000  ft  /s  would  be  required 

to  deliver  570  ft  /s  to  the  Pryor  Basin,  allowing  228  ft  /s  for  delivery 

3 
to  the  Garland  Canal  on  the  Shoshone  Project  and  202  ft  /s  for  canal 

losses.   The  benefit-cost  ratio  is  too  low  to  consider  development  at 

this  time. 

Clarks  Fork  Secondary  Project:   About  60,000  acres  of  irrigable 
land  have  been  considered  for  development  under  two  delivery  alter- 
natives— water  could  be  brought  in  from  the  Clarks  Fork  through  a 
56-mile-long  canal,  and  another  130  miles  of  laterals  would  be  required 
to  distribute  the  water  to  the  many  scattered  tracts  of  land.   It  would 
also  be  possible  to  obtain  some  of  the  water  from  East  Rosebud  Creek. 
Plans  for  development  were  deferred  due  to  high  concentration  cost  and 
the  mediocre  quality  of  the  land. 

Red  Lodge-Rosebud  Irrigation  District:   An  attempt  was  made  about  1900 
to  provide  facilities  for  irrigation  of  land  on  the  divide  between  the 
Stillwater  and  Clarks  Fork  drainage  basins.   About  12  miles  of  canal 
were  completed,  but  no  land  actually  was  irrigated. 

The  Red  Lodge-Rosebud  Irrigation  District,  formed  in  1920, 
rehabilitated  and  extended  the  original  irrigation  system  to  serve 
about  10,000  acres.   The  district  operated  the  system  until  about  1930. 
Much  of  the  land  was  abandoned  during  the  depression,  and  Carbon  County 
took  tax  title  to  about  7,500  acres.   Very  little  of  the  land  was 
irrigated  until  a  few  years  ago,  when  the  Weiss  Ditch  Company  was 
organized  and  part  of  the  system  was  rehabilitated.   About  3,500  acres 
are  being  irrigated  now. 


The  possibility  of  providing  additional  storage  for  this 
area  was  considered  in  the  1940' s.   East  Rosebud  Lake  offered 
the  best  opportunity  for  storage  development,  but  this  project 
has  been  determined  to  be  infeasible  for  environmental  reasons 
and  because  the  land  could  not  repay  development  costs.   The 
reduced  operation  that  has  been  worked  out  locally  seems  to  be 
the  only  practical  solution. 
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DISPLAY  OF  ACCOUNTS  WORK  SHEETS 
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(1)    Project  Name: 
Beartooth  Unit 


(2)    Location  : 


SubRegion- Yellowstone  River  Basin 
Drainage  Basin-Clarks  Fork 
State-Wyoming 
Vicinity-Cody 


(3)    Implementation: 


Agency-  USDI,  Bureau  of  Reclamation 
Authority- Flood  Control 
Act  of  1944  approved  12-22-44 
(58  Stat. 887) 


(4)    Source  of  Information: 

Completed  by:  ,1.  Karringer 

Date  Completed:  March  1977 


Reference  Documents: 

Report  on  Clarks  Fork  Div.-USBR  May  '57 

Bureau  of  Reclamation  Projects  & 

Plans  in  the  Region  6  Portion  of  Wyo.- March  '71 


NED  ACCOUNT 
(ANNUAL  EQUIVALENTS) 


BENEFICIAL  EFFECTS 


Municipal  and    industrial  water  $ 

Flood  control  70,000 

Irrigation  420,000 

Recreation  48,000 

Fish  and  wildlife 

Power 

(Hydro)  873.01  kWh  9,599,000 

(Benefits  required  to  equal  costs)  (21,682,000) 

Navigation 

Water  quality 

Unemployment  and  underemployment 

Externalities  43  000 

Total  beneficial  effects  10,180  000 

(Annual  equivalent  value)  (22  263  000) 

ADVERSE  EFFECTS 

Installation  cost  18,120,000 

Interest  during  construction  1,642,000 

Annual   investment  cost  19,762,000 

(Irrigation  cost  ann.  equiv.)  (255,000) 

Annual  OM&R  1,849,000 

Total  annual  cost  21,611,000 
External  diseconomies 

Total  adverse  effects  21.611.000 
(Annual  equivalent  value) 

NET  BENEFICIAL  EFFECTS  -$11,431,000 

(($50/kW-1.8  MILLS)-RATI0   .47    ) 

$(652,000) 
(($80/kw-ll  Mills)- RATIO   1.03   ) 
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BADGER   BASIN    UNIT 
1,600   acres 

NED  ACCOUNT 

BENEFICIAL  EFFECTS 


Irrigation  $162,000 

Total  beneficial  effects  $162,000 
ADVERSE  EFFECTS 

Investment*  $104,100 

Assigned  reservoir  cost  29,600 

Total  adverse  effects  $133,700 

NET    BENEFICIAL    EFFECTS  $    28,300 

OM&R  included  in  annual  investment 
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BADGER   BASIN    UNIT 
1,600   acres 


BENEFICIAL  EFFECTS 
User  benefits 

Irrigation 
Regional  benefits 

Employment 

Induced  &  stemming 

Total  beneficial 
effects 

ADVERSE  EFFECTS 

Investment 

Assigned  reservoir  cost 

Total  adverse 
effects 

NET  BENEFICIAL  EFFECTS 


RD  ACCOUNT 


$ 


Region 

S 

162,000 

78,100 
239.500 


$104,100 
29.600 

$133,700 
$345,900 


Adjacent 
Region 


Rest  of 
Nation 

$ 


-31,200 


•95.800 


-46,900 
143.700 


-$127,000 


Total 
162,000 

0 

0 


$479,600   -$127,000   -$190,600   $162,000 


$104,100 
29,600 


$         $133,700 
$190,600   $  28,300 
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EQ  ACCOUNT 


BENEFICIAL  EFFECTS 


AREAS  OF  NATURAL  BEAUTY 
AND  HUMAN  ENJOYMENT: 


Create  four  reservoirs  with  a  total  surface  area 
of  4,845  acres. 

Improve  recreation  facilities  —  access  roads,  parking 
lots,  boat  ramps,  fire  grates,  toilets. 


BIOLOGICAL,  GEOLOGICAL, 
AND  ECOLOGICAL  ELEMENTS: 


Create  some  pheasant  habitat  in  irrigated  areas. 

Create  some  aquatic  fur  animal  habitat  in  canal  and 
laterals. 

Create  some  goose  and  duck  nesting  areas. 

Waste  grains  would  provide  waterfowl  food. 

Maintain  stable  and  adequate  downstream  flows. 


ARCHEOLOGICAL,  HISTORICAL, 
AND  CULTURAL  ELEMENTS: 


NONE 


WATER  QUALITY: 

Remove  some  silt  from  streams. 
AIR  QUALITY: 

Hydro-electric  power  generated  would  reduce  the  nations 
need  for  thermal  power. 
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ADVERSE  EFFECTS 


AREAS  OF  NATURAL  BEAUTY 
AND  HUMAN  ENJOYMENT  LOST: 


Inundation  of  4,845+  acres  of  habitat. 

Visual  effect  of  26.45  miles  of  canal  and  laterals, 
diversion  dam,  pumping  plants,  dams,  powerplants, 
transmission  lines,  access  road,  and  recreation 
facilities. 

Visual  impact  from  large  lake  level  fluctuations. 

Fifteen  miles  of  scenic  mountain  stream  converted  to 
slack  water. 

Reduced  flows  in  27  miles  of  stream. 

Displacement  of  wildlife  from  project  area. 

Natural  value  of  the  Shoshone  and  Gallatin  National 
Forests  would  be  reduced. 

Project  located  on  tourist  route  to  Yellowstone  Park. 

Project  area  is  still  largely  a  wilderness  mountain 
area. 

Hunting  would  be  lost  on  4,845  acres  plus  other  project 
lands . 

Fishing  on  15  miles  of  stream  would  be  eliminated. 
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BIOLOGICAL,  GEOLOGICAL,  AND 
ECOLOGICAL  ELEMENTS: 


Average  annual  streamflow  would  be  depleted  15,900  acre-feet 

Extensive  trout  fishery  would  be  lost  upstream  from  Bald 
Ridge  Reservoir. 

Reduced  flows  in  27  miles  of  stream  would  reduce  biological 
productivity. 

The  loss  of  secluded  areas  would  affect  the  mountain  sheep, 
black  bear,  and  grizzly  bear. 

Valuable  deer,  moose,  and  elk  habitat  would  be  lost. 

Moderate  effect  on  aquatic  fur  animals  in  the  main  valley. 

Loss  of  sage  grouse  habitat. 

ARCHEOLOGICAL,  HISTORICAL,  AND 
CULTURAL  ELEMENTS  LOST: 


None. 


IRREVERSIBLE  CONSIDERATIONS: 

Area  cannot  return  to  its  wilderness  condition  after  the 
economic  life  of  the  project  is  complete. 

-Loss  of  15  miles  of  natural  stream. 

WATEK  QUALITY: 

Some  increase  in  salinity  of  return  flows  into  lower 
portion  of  main  river. 

AIR  QUALITY: 

No  effect. 
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SWB  ACCOUNT 


BENEFICIAL  EFFECTS: 

STABILIZED  POPULATION: 


Out-mlgration  of  young  people  would  be  reduced  by 
Increased  agricultural  and  industrial  employment 
opportunities . 

Population  of  the  area  would  be  increased  by  an 
annual  average  of  about  1,500  people  during  the 
16  year  construction  period. 


DISTRIBUTION  OF  INCOME: 


Farm  income  would  increase  and  stabilize  through 
implementation  of  the  irrigation  projects. 

General  Income  levels  of  the  surrounding  area  would 
increase  from  the  construction  funds. 

After  an  adjustment  period,  health  services  and 
other  community  services  would  improve. 

After  construction,  operation  and  maintenance  per- 
sonnel would  provide  continued  additional  income  to 

the  area. 


552 


INCREASED  RECREATION  DAYS, 
FISH  AND  WILDLIFE  DAYS  AND 
INCREASES  IN  SKILLED  AND 
SEMI-SKILLED: 


Recreation  facilities  provided  at  the  reservoirs 
will  increase  the  visitation  rate  with  a  subsequent 
increase  in  facilities,  such  as  motels  and  restaurants, 
to  meet  the  recreationists '  needs. 


STABILIZATION  OF 
ECONOMIC  CONDITIONS: 


After  the  initial  construction  period,  increased  agri- 
cultural productivity  and  enhanced  recreational  facili- 
ties will  provide  an  improved  economic  base.   With  the 
multiplying  effects  on  supporting  commercial  functions 
of  the  increased  incomes,  a  stabilized  population  can 
be  supported. 
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(1)  PROJECT  NAME:   Clarks  Fork  Site  No.  1 

(2)  LOCATION:   Subregion :   Yellowstone  River  Basin 

Drainage  Basin:   Clarks  Fork 
State:  Wyoming 
Vicinity:   Cody 

(3)  IMPLEMENTATION:   Agency:   USDI ,  Bureau  of  Reclamation 

Authority:   Flood  Control  Act  of  1944 

(4)  SOURCE  OF  INFORMATION:   Completed  by:   J.  Farringer 

Date  Completed:   January  1977 

Report  on  Clarks  Fork  Diversion,  USBR, 

May  1957 
Bureau  of  Reclamation  Projects  and  Plans 

in  the  Region  6  portion  of  Wyoming, 

March  1971 
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EQ  ACCOUNT 

Beneficial  Effects 

Areas  of  Natural  Beauty  and  Human  Enjoyment:   Create  a  reservoir  with 
a  surface  area  of  680  acres. 

Improve  Recreation  Facilities 

Biological,  Geological  and  Ecological  Elements:   Create  some  aquatic 
fur  animal  habitat  in  canal  laterals. 

Create  some  goose  and  duck  resting  areas. 

Waste  grains  would  provide  waterfowl  food. 

Improve  Instream  Flow 

Archeological,  Historical,  and  Cultural  Elements:   None 

Water  Quality:   Remove  some  silt  from  streams. 

Air  Quality:   None 

ADVERSE  EFFECTS 

Areas  of  Natural  Beauty  and  Human  Enjoyment  Lost:   Visual  effect  of 
canal,  diversion  dam,  laterals,  pumping  plants,  and  access  road. 

Biological,  Geological,  and  Ecological  Elements:   Average  annual  stream- 
flow  would  be  reduced. 

Loss  of  sage  grouse  habitat. 

Loss  of  antelope  habitat. 
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Archeological,  Historical,  and  Cultural  Elements  Lost:   None. 

Irreversible  Considerations:   Project  lands  would  be  committed 
essentially  forever. 

Water  Quality:   Increase  in  salinity  of  return  flows. 

Air  Quality:   No  effect. 
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V 


SWB  ACCOUNT 
Beneficial  Effects 

Stabilized  Population:   Outmigration  of  young  people  would  be 
reduced  by  increased  agricultural  employment  opportunities. 

Population  of  the  area  would  be  increased  during  the  con- 
struction period. 

Distribution  of  Income 

Farm  income  would  increase  and  stabilize  through  implementation 
of  the  irrigation  projects. 

General  income  levels  of  the  surrounding  area  would  increase 
from  the  construction  funds. 

After  construction,  operation  and  maintenance  would  provide 
continued  additional  income  to  the  area. 


Increased  Recreation  Days,  Fish  and  Wildlife  Days  and  Increases  in 
Skilled  and  Semi-skilled 


Recreation  facilities  provided  at  the  reservoirs  would  increase 
the  visitation  rate  to  the  area. 

Fishing  opportunity  in  the  river  would  increase. 

Stabilization  of  Economic  Conditions 

After  the  initial  construction  period,  increase  agricultural 
productivity  would  provide  an  improved  economic  base.   With  the 
multiplying  effects  on  supporting  commercial  functions  of  the 
increased  incomes,  a  stabilized  population  can  be  supported. 
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Adverse  Effects 

Population  Impacts  (Local  Facilities) : 

During  construction,  demands  on  items  such  as  housing, 
streets,  waste  facilities,  schools,  and  health  services 
will  cause  an  economic  and  emotional  stress  on  area 
residents. 

Lifestyle  patterns  will  be  altered. 

Moving  of  People: 

The  movement  of  people  into  a  new  area  causes  an  emotional 
stress  until  the  residents  and  newcomers  adjust  to  the 
change. 

After  project  completion,  the  removal  of  personnel  will 
again  result  in  emotional  stress. 
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Yellowstone  Level  B  Study 
Wyoming  State  Study  Team 
Bureau  of  Land  Management 
March  24,    1976 


WYOMING  NATIONAL  RESOURCE  LANDS   INVENTORY,    SURFACE  ONLY 


{    Level  B  Study 
j    Planning  Unit 

Clark's  Fork 


Wind -Bighorn 


WRC  Sub- 
Basin  Nos 

1007 


1008 


Name  of 
County  _ 

Park 


Tongue -Powder 


1009 


Adjacent  Coal  Areas   1011 

1012 


Land   Surface 
in  Acres 

107,000 


Big  Horn 

1,131,000 

Fremont 

1,198,000 

Hot  Springs 

473,000 

Natrona 

192,000 

Park 

567,000 

Washakie 

951.000 

- 

4,512,000 

V 

Campbell 

184,000 

Converse 

8,000 

Johnson 

593,000 

Na  t  rona 

343,000 

Sheridan 

50,000 

Washakie 

16,000 

1,194,000 

Crook     l" 

•  74,000 

Campbell'    v 

25,000 

Converse 

63,000 

Crook     j 

19,000 

Niobrara 

132,000 

Weston    i 

65,000 

378,000 


Wyoming  Study  Area   Summary 

Clark's  Fork 107,000 

Wind  -Bighorn » . . 4,512,000 

Tongue -Powder, • . 1,194,000 

Adjacent  Coal  Areas 7. . . .    378,000 

6,191,000 
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